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ABSTRACT

For some years it has been recognised that continued international success enjoyed
by rowers from countries such as East Germany and Romania has been nourished
by rowing specific talent identification programs. In Australia, the lack of specialist
physical education teachers in primary schools has prevented the adoption of a similar
system. The purpose of this study, was to develop a rowing specific field test capable
of identifying young adolescents with outstanding potential for rowing. A major design
goal of this test was that it be simple to perform and portable in order that rowing
associations and clubs throughout Australia could employ it without large capital outlay
on either equipment or training.
A review or the literature identified successful international rowers to be generally
large people (tall and Heavy) with long arms and legs in relation to their body height.
They possessed maximal oxygen uptakes well above average for athletes and also
demonstrated significant anaerobic capability.

The anthropometric parameters

identified as likely to be significant for talent identification were height, weight, body
fat, arm length and leg length, while the major physiological characteristics were
aerobic and anaerobic capacity. Suitable methodologies for assessing each of these
characteristics were sought with a view to rowing specificity, simplicity, portability and
economy.
A correlation matrix using five of the identified physical characteristics (height,
weight, skinfold thickness, sitting height and arm length) established that each
measurement made a significant contribution to the field testing battery. To assess
aerobic capacity a number of studies demonstrated that work output scores attained

during a progressive test on the arm/leg cycle ergometer correlated well with maximal
oxygen uptake in both elite and novice rowers. This finding provided the rationale for
work output scores to be used as an indirect means of assessing aerobic power. A
further study found that work output scores attained during a 15-second supra
maximal effort on the arm/leg cycle ergometer provided a practical assessment of
anaerobic capability.
The reliability of the various physical and physiological tests selected in the field
test was assessed as an important step in establishing their validity.

The tests

developed to measure the physical parameters of height, weight, skinfold thickness,
sitting height, arm length, arm span, and full reach height were found to be valid and
reliable. The progressive and 15-second tests on the arm/leg cycle ergometer were
found to provide a practical means for assessing the physiological parameters of
aerobic power and anaerobic capability. It was concluded that the tests listed above
are highly suited to a field testing environment as they are economical, portable, easy
to administer and capable of assessing large numbers of subjects.
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CHAPTER ONE

BACKGROUND AND PURPOSE
1.1 INTRODUCTION
The success of national sporting teams and individuals in the world arena has become
an important goal and continuing challenge to government sporting bodies and
committed sports people everywhere. East Germany, with a population equivalent to
that of Australia, has risen to the fore in a wide range of sports. Yet East Germany
is not regarded as a rich or affluent society. Nor does it appear to have any inherent
genetic superiority within the population.

Throughout the sporting world, the

achievements of countries such as East Germany have caused many to ask how such
results were obtained. Can other nations or sporting bodies, clubs and coaches hope
to emulate these achievements?

This research is one limited response to such

questions. It focusses on the sport of rowing and attempts to clarify one procedure
that rowing bodies might adopt if they are committed to attaining excellence and
quality performances in this field of endeavour.

1.2 TALENT IDENTIFICATION

1.2.1 THE EAST EUROPEAN EXPERIENCE
The dominance of Eastern European nations in the sporting world over the past 20
years has been partially credited to the methodical identification of available talent at
an early age (Bloomfield, 1980; Bompa, 1985).

In these countries the talent

identification process usually begins with expert observation of primary school children
during compulsory physical education classes and sporting competitions (Jarver

3 0009 02986 2807
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1982).

For instance, in East Germany the talent identification procedure commences

in elementary (primary) schools where specialist physical education teachers regularly
monitor and record the responses of children in a variety of sports (Thieb, 1982).
These teacher assessments identify whether the students have attained appropriate
‘critical performance factors’ essential to high performance in the selected sport and
whether they are developing at a satisfactory rate. These ‘critical performance factors’
differ from sport to sport. They may include physiological capacities, psychological
features, or characteristics of physique (for example, height, weight and subjective
measures of co-ordination, athletic ability and attitude). Such assessments take place
"with the aid of techniques used in the teaching of sport, sports medicine and sports
psychology" (Thieb, 1982:27). The children’s response to training, that is, the degree
of effort put into each training session, stability of nervous disposition, and ability to
cope with increasingly heavy training loads are also inherent in the East German
assessment process.

Attention is focussed on the biological age rather than the

chronological age of the athlete when assessing the ‘critical performance factors’.
From these records of assessments a distinction is drawn between children with
potential to perform well in high skill activities, for example, gymnastics, diving or ball
games, as against sports requiring greater endurance capability or speed traits. This
process provides the foundation of a talent selection system where East German
adolescents are encouraged to pursue sports to which they are genetically suited.
Ultimately some children are given the opportunity to attend special elite sporting
schools, where highly qualified coaches ensure the maximal development of potential.
Similar systems are found operating in the Soviet Union (Woodman, 1985) and
other areas of Eastern Europe (Bloomfield, 1980; Bompa, 1985).

2

1.2.2 THE WESTERN AND AUSTRALIAN EXPERIENCE
By contrast to the Eastern Bloc experience, in many Western countries the sporting
activity undertaken is based on customary habits in the society, popularity of the sport,
proximity of sporting facilities, and the interests of parents and teachers. As a result
many adolescents are involved in sports to which they are not genetically suited. It
is usually only by chance that athletes hit upon a sport in which they can compete
successfully at the highest level.
In Australia, attempts have been made to follow the Eastern Bloc practice of talent
identification with schemes based as closely as possible on the successful Eastern
Bloc models.

However, these programs are fundamentally flawed by the lack of

specialist physical education teachers and sports coaches in Australian primary
schools (Jarver, 1982; Woodman, 1985). Furthermore, although several sports have
established exclusive squads for training talented juniors (Bloomfield, 1980), they do
not incorporate the identification of potential performers who have not been exposed
to the sport.
In Australia the attraction of people to particular sports continues to depend on
chance factors, such as proximity of facilities and the social factors related to the
family and peer groups.

1.3

POTENTIAL ADVANTAGES OF TALENT IDENTIFICATION

Through an effective talent identification system the number of gifted individuals
participating in given sports in a particular country or region is maximised, resulting in
stronger domestic competition.

This in turn increases the chances of developing

internationally competitive athletes should this be an avowed goal (Bompa, 1985).
Other advantages of a systematic, scientific selection process to identify sporting talent

3

include:
a.

a reduction of the time required for athletes to reach high performance

levels;
b. an increase in the competitiveness and the number of athletes aiming for
high performance levels;
c. an increase in the athletes’ self-confidence through knowing that they are
special;
d. the directing of athletes towards sports in which they are more likely to
succeed.
e.

increased productivity of elite coaches through ensuring that their time,

energy and other resources are only spent on athletes who have potential to
succeed at the top level (Bompa, 1985).

1.4 ROWING IN AUSTRALIA
Rowing is one sport that few young Australians have the opportunity to experience.
This is mainly due to the low profile of the sport in Australian society and the
geographic location of rowing clubs. Good examples of high profile, popular sports
in Australia are cricket and the various football codes. Jarver (1982) suggests that this
popularity can be attributed directly to the extensive media attention focussed on these
two sports. However, it is likely that significant numbers of children both successful
and unsuccessful in these sports also have the physical and physiological
characteristics required for success in rowing or other sports. If they were given the
opportunity to experience rowing, many would find their aptitude for the sport to be
much greater than for the more traditional sports in which they are currently involved.
Even in schools with strong rowing programs, young people with potential to perform

4

very well at the elite level can be readily overlooked due to such factors as gender (no
female rowing program offered), late biological development, temporary loss of motor
co-ordination due to very rapid growth, or uncorrected errors in rowing technique.

1.5 THE IMPORTANCE OF FIELD TESTING FOR ROWING
Field testing incorporating the overall concepts of simplicity and mobility is lacking in
Australian rowing. If these concepts are addressed the testing of large numbers of
people within a relatively short period of time is possible without the use of
cumbersome, expensive and sophisticated equipment. Field testing has the capacity
to identify Australian adolescents with high potential who can then be introduced to a
rowing program at a local club.
A field test based along these lines would allow the identification of more individuals
with genuine rowing potential who could then be given the opportunity to experience
the sport.

This in turn should improve the standard of competitive rowing clubs.

Consequently the chances of success at an international level would be enhanced
while at the same time providing young people with the opportunity to develop fully
their innate sporting capabilities.

1.6 PURPOSE OF THE STUDY
This study aims to develop a field test capable of identifying adolescents with rowing
potential as determined by particular physical and physiological attributes. This will
be accomplished in three stages. The purpose of the first stage (Chapter 2) is to
review the literature on talent identification and rowing physiology to:

5

a.
b.

distinguish the age groups in which field testing is most effective;
identify the dominant physical and physiological determinants of rowing

performance.
The purpose of the second stage of the study is to:
a.

devise tests necessary to assess

major determinants of rowing

performance;
b. demonstrate the validity and degree of reliability of these tests (Chapters 3
to 5).
The purpose of the third stage is to summarise the results and discuss the implications
of this research for Australian rowing (Chapter 6).

6

CHAPTER 2
REVIEW OF THE LITERATURE

2.1 INTRODUCTION
To determine what components should be incorporated in a field test to identify
potential rowing talent, a review of literature on talent identification and also that
pertaining to the physical and physiological determinants of rowing performance is
necessary.
In undertaking a literature search, it quickly became evident that there is a dearth
of documentation of scientific investigation published in English relating to talent
identification in the field of rowing. This possibly indicates that the English speaking
world has still to ‘discover’ this area of human endeavour.
Part 1 (see Chapter 2.2) of the review of literature will focus on the general
principles of talent identification, part 2 (see Chapter 2.3) will outline the physical and
physiological characteristics shown to be manifest in successful elite rowers and
part 3 (see Chapter 2.4) will describe procedures implemented in the past to assess
these physical and physiological characteristics.

2.2 TALENT IDENTIFICATION

2.2.1 METHODS OF SELECTION
A review of the literature pertaining to sporting talent selection procedures has
identified two basic methods of selection: natural and scientific. Natural selection is
often referred to as ‘survival of the fittest’ and alludes to the Australian way of
developing an athlete in sport. Here the sport chosen is a result of social influences
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(for example, tradition, popularity of sport, parental pressure or high school teachers’
specialities) and environmental influences (for example, proximity of sporting facilities)
in combination with the individual’s level of achievement in that particular sport.
On the other hand scientific, selection with regard to sport is defined

as the

process of screening young athletes "to determine those most likely to succeed in
sport and directing them towards the sports to which they are suited." (Woodman,
1985:49). As previously mentioned, some Eastern Bloc countries have been using this
system with great success over the past 20 years (Bloomfield, 1980; Bompa, 1985;
Woodman, 1985).
The process of scientific selection has major advantages over natural selection
through competition. The latter does not take into account differing rates of growth
among young people which is often responsible for false indications of future potential.
Nor does natural selection possess any means of providing predictions about an
athlete’s possibility of success in other sports.

In other words, natural selection

requires that athletes, through an element of chance, hit upon a sport to which they
are well suited and gives no indication of their aptitude in sports that they have not
experienced.
Although much of Western society tends to regard the identification of athletes at
a young age to be unethical (Bloomfield, 1980), methods of natural selection are by
no means perfect as children may spend a lot of time trying to improve themselves in
a sport to which they are poorly suited. On the other hand scientific selection allows
adolescents to find a sport to which they are physiologically well suited and to enjoy
and "develop a healthy level of physical fitness" at their own rate (Bloomfield, 1980).
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Bompa (1985) identified three consecutive phases within a comprehensive talent
selection program:
a. PRIMARY PHASE. Observation and identification is focussed on children
three to eight years of age and is carried out essentially by a physician. The
major aim in this phase is identification of any body malfunctions or disease,
and assessment of the candidates’ general physical development and health
so as to eliminate any persons with chronic health problems.
b. SECONDARY PHASE. This phase is carried out during and after puberty.
It represents the most important phase of selection and is concerned with the
"dynamics of the biometric and functional" requirements of the specific sport
(Bompa, 1985:3). It involves the testing of teenagers, some of whom may have
already

experienced

organised

training,

with

the

aim

of determining

physiological capacities, psychological features, or characteristics of physique.
These findings are then related to the requirements of selected sports to
determine the most suitable ‘match’.
c.

TERTIARY PHASE.

This phase of talent identification is essentially

concerned with national team members and entails comprehensive scientific
testing of both physiological and psychological characteristics required for
success in sport.

2.2.2 CRITERIA FOR TALENT SELECTION
In developing field tests for any of the three stages of the scientific selection process
outlined above, it is important to determine appropriate criteria from which specific
tests can be developed. These criteria can be classified into five categories (Alabin
et al., 1980; Bompa, 1985; Woodman, 1985; McElroy, 1986). The first three relate to
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the physiological make-up of potential athletes. These are:
a. HEALTH. Good health is a necessity for individuals participating in any form
of training, consequently some form of general health assessment should be
incorporated in any comprehensive field test. Individuals should not have any
medical problems (for example, severe asthma) or physical defects (for
example, chronic back pain) which would prevent full participation in the sport.
b.

HEREDITY.

Children tend to inherit their parents characteristics in a

number of areas. These are:
1. B iological, for example, height, build and muscle fibre ratios (Types
1 and 2). The latter is particularly important in terms of having a muscle
fibre composition suitable for sprint or endurance activities.
2.

General d isp o sitio n , for example, individual athletic and artistic

disposition. These characteristics play an important role in training and
performance and should be addressed in any comprehensive field test.
c. BIOMETRIC QUALITIES. Biometric qualities referto the biological attributes
possessed by the individual.

These include both anthropometric and

physiological measurements and are an important consideration for many
sports. Some examples include height, weight, girth measurements, skinfold
thicknesses and the various sub-maximal or maximal oxygen capacity tests.
The particular physical and physiological requirements of each sport must be
identified and specific tests developed to assess these attributes.
The final two criteria for talent selection relate to environmental and social factors.
They are:
d. ENVIRONMENT. Regardless of a person’s suitability for a given sport, if
the natural conditions for competition and training do not exist the athlete will
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not be able to realise his/her full potential (for example, winter sports in hot
countries).
e.

COACHING AND FACILITIES.

Access to good coaches with sound

scientific background knowledge and the facilities available for scientific testing,
aid ip the selection of candidates.

The higher the quality of available

specialists, the more likely it is that superior talents will be discovered.
Furthermore unless good facilities, coaching and regular scientific monitoring
of athletes are available, development in the athletes’ designated sports cannot
be maximised.
In summary, a comprehensive talent identification program should monitor the full
development of potential athletes from their earliest experiences right through to those
athletes competing at an international level. Field testing should be focussed on three
major phases during the athletes' development: three to eight years of age, during and
after puberty and national team membership. The field tests developed for each of
these phases should address areas such as health, heredity and the biometric
qualities of athletes. Furthermore, the suitability of climate and sporting environment
for each sport should be assessed.

The success of a comprehensive scientific

selection process lies in:
a.

developing field tests which will accurately identify potentially suitable

subjects for particular sports;
b. providing administrative and coaching support to these athletes so they have
the best chance possible to fulfil their potential.

2.2.3 RELEVANCE FOR AUSTRALIA
If Australia is to compete successfully at world level, a comprehensive scientific
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selection system similar to those being used in many Eastern Bloc countries should
be implemented.

At present the lack of specialist physical education teachers in

primary schools makes it impossible to implement the primary phase of selection
outlined by Bompa (1985).

Although there is some form of medical monitoring of

beginning students in some Australian states, it would not be feasible to introduce a
scheme to identify any body malfunctions or disease or to monitor the general
development rate of all children under ten years of age on a large scale. Therefore
an Australian selection system cannot use the primary phase of talent identification.
It has to be based on the secondary and tertiary phases of selection.

2.2.4

TALENT IDENTIFICATION IN AUSTRALIAN ROWING

Using only the secondary and tertiary phases of selection should not prove to be a
disadvantage for the sport of rowing which is regarded as a late maturing sport.
Hagerman (1984) recorded an age range of 18 to 36 years for international calibre
rowers. Secher (1983) reported that the average age of 14 male gold medallists at
international

rowing

championships was 25.6 years.

The average age of

internationally competing oarsmen was slightly lower, 25.1 years.

Similarly Korner

(1989) calculated the average age of oarspersons from the German Democratic
Republic who won gold medals at the World Championships and Olympic Games
between 1970 and 1984, as 24.8 years for men and 22.2 years for women.

The

average number of years of training undertaken by the two groups before achieving
this success was 10.75 years for the men and eight years for the women. These
results suggest that rowers mature in their mid-twenties and as a consequence,
primary phase field testing might not be as important in rowing as it would be for
sports such as gymnastics where daily training is often introduced between five and
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ten years of age and international success achieved by the early teenage years. It
appears that field testing for rowers can take place during the mid-teenage years and
still allow enough time for individuals with no previous rowing experience to develop
the appropriate skills and fitness levels required to gain international success.

For

example, if the initial screening process were aimed at adolescents around 15-16
years of age, this would allow enough time for individuals with no previous rowing
experience to master the technical aspects of the sport (eight to ten years as identified
by Korner, 1989) before reaching their mid-twenties. This age group is slightly older
than that suggested by Alabin et al. (1980) as the safest time to make performance
predictions (11 to 15 years in males and 10 to 12 years in females).
these ages

However, at

it is difficult to judge potential for physical growth accurately.

Consequently, the age groups suggested by Alabin et al. (1980) may be considered
too young for confident identification of potential rowers where height and weight are
significant performance factors (Secher, 1983; Hagerman, 1984).
A system incorporating only the second and third phases suggested by Bompa
(1985) could still improve the chances of success by identifying individuals with
specific sporting talent and providing them with good coaches and special support.

2.2.5 CRITERIA USED IN THIS STUDY
The field test developed in this study will be directed at the second of Bompa’s (1985)
three phases, that is during and after puberty. Additional research would be required
to develop tests aimed at the tertiary phase of talent identification. Furthermore, as
the selection criteria relating to climate and the sports environment are either
fixed or dependent on large injections of government or private funding, the field test
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developed in this study will be related to the physiological make-up of potential
athletes (health, heredity and biometric qualities).

2.2.5.1 Health
With regard fo health, a thorough physiological examination by a qualified doctor would
not be practical as the initial field test aims to cope with large numbers of youths over
a short period of time. Furthermore, in many cases the availability of funds might not
facilitate the hiring of a doctor for such purposes.
A questionnaire asking subjects to indicate any serious illness or periods of
hospitalisation could provide useful descriptive information to identify any chronic
disabilities and allow a subjective estimate of each individual’s general level of health.
One example of such a questionaire (currently employed by the Australian Institue of
Sport) is displayed in Appendix A. Further tests and physical examinations of a more
comprehensive and sophisticated nature can be developed as part of secondary
examinations to be undertaken by the athletes selected from initial field testing.

2.2.5.2 Heredity
The importance of heredity and field testing is a little more complex than that of health
as the views of researchers are neither uniform nor unanimous as to the role of
heredity in training. Bompa (1985) pointed out that some researchers regard heredity
as having an important, but not absolute, role in training, while others (Klissouras et
al., 1973) are of the view that genetic potential will ultimately limit improvements in
functional capabilities. The latter researchers whose findings are based on genetically
controlled studies with twins, indicate that some systems and functions are genetically
determined: maximal oxygen uptake to the extent of 93.4 per cent, lactic acid system

14

81.4 per cent and heart rate 85.9 per cent. However, some inherited characteristics
are not readily affected by the environment or training and these include height, simple
reaction time, length of limbs, and some speed and co-ordination factors (McElroy,
1986).
While the importance of heredity, a favourable social environment in which to train,
and previous involvement in sport have been noted as good indicators of potential
sporting talent, their effects on athletic capacities have yet to be precisely determined.
As was the case with the first criterion discussed, ‘health’, specific tests to gain
information on the athlete’s genetic background (such as muscle biopsies) would be
too time consuming and expensive to allow for the processing of large numbers of
young people over a limited time period.

A questionnaire asking the subjects to

indicate their parents’ height and sporting experience would provide useful descriptive
information regarding their genetic background.

Further questions regarding the

individual’s past involvement in sport and the highest level achieved, would indicate
the degree of training already undertaken by each subject and hence whether large
or small increases in functional capacities (aerobic and anaerobic) can be expected
from strenuous physical training. It may also be useful to ask each subject how much
support their parents have given them with regard to their chosen sports. This will
give an indication of the level of home support the subject is likely to receive if
selected into a rowing program. Some examples of suitable questions are presented
in Appendix A.

2.2.5.3

Biometric Qualities

The biometric qualities (physical and physiological capacities) possessed by athletes
must be evaluated using tests which are designed to identify the particular
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requirements of an individual sport. The results from these tests would allow for an
objective assessment to be made of the physical and physiological suitability of each
subject to the requirements of a particular sport (Bompa, 1985).
Although selection of talent can be made through an analysis of competition
performance results and coach observation and intuition (McElroy, 1986) selection
using these methods has disadvantages.

Performance selection does not make

allowance for any sickness or injury the subject may have that might affect his/her
performance.

Nor does it take into account the degree of exposure and coaching

quality the individual has had in the particular sport.

Furthermore in the case of

rowing, environmental conditions can often affect a rowing course in such a way that
the results have little significance in indicating rowing potential. The importance of
umpires in many sports may also influence the results to such a degree that
judgements about potential based on performance may be incorrect. For example, in
basket-ball a player can be awarded five fouls early in the game if the umpire takes
a dislike to his/her playing style.

As a result selectors may misjudge his/her true

potential as the athlete spends most of the match on the bench. Selection of talent
based on coach observation also has disadvantages in that it is very hard to eliminate
all coach bias towards their own athletes.

As a result of these disadvantages,

competition performance and coach observation will not be employed in this study.
An initial field test must be able to identify potential rowers who have not come into
contact with the sport. Therefore it must be comprised of valid and reliable sports
science tests that can be applied equally to adolescents with or without previous
rowing experience.
Simple field tests capable of assessing large numbers of young people can be
developed if the major physical and physiological determinants of rowing performance
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are objectively established. Boys and girls with exceptional potential for rowing could
be invited to participate in a special training program supervised by well-qualified
rowing coaches.

2.2.6 SUMMARY
Part 1 of the review of literature outlined the advantages that a systematic scientific
selection of talent has over the traditional Western method of natural selection. Three
consecutive phases were identified that a comprehensive talent selection program
should address (primary phase - early childhood; secondary phase - during and after
puberty; and tertiary phase - elite athletes of national standard). Field Tests should
be developed capable of assessing health, heredity and biometric qualities.

The

sporting environment, coaching and facilities required by athletes as they grow and
develop through each of the three phases should also be examined.

It has been

argued that the development of a field test directed at the primary phase of selection
was not possible in Australia due to the lack of specialist physical education teachers,
coaches and doctors in primary schools. Consequently, the field test developed in this
study should be directed at the secondary phase (during and after puberty) of the
comprehensive talent selection program suggested by Bompa (1985).
Part two of the review of literature will identify the major physical and physiological
characteristics essential for success in rowing in order that specific tests can be
developed to assess these characteristics in young people thereby indicating their
suitability for rowing.
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2.3

PHYSICAL AND PHYSIOLOGICAL DETERMINANTS
OF ROWING PERFORMANCE

Information regarding the physical and physiological factors which influence rowing
performance has been well documented.

2.3.1 PHYSICAL ATTRIBUTES AFFECTING ROWING PERFORMANCE
It has often been observed that particular physical traits such as height, weight, body
fat and limb length predominate in athletes pursuing a specific sport. For example,
gymnasts tend to be short and stocky in build whereas basketball players in general
are tall and lean.

Similarly, various physical characteristics may be beneficial to

success in rowing.

2.3.1.1

Height and Weight

Rowers who succeed in open competition are generally tall and heavy with a
mesomorphic somatotype (Hagerman, 1984; Secher, 1983; Hahn et al., 1988; Carter
et al. 1982).

A study conducted by Monckton (1980) on secondary school rowers

found that the rowers were taller and heavier than their non-athletic counterparts.
Carter, Sleet and Climie (1982) reported that the average height of 65 male rowers
measured at the Montreal Olympic Games was 191.3cm and the average weight 90kg.
The corresponding values for 51 female competitors were 174.3cm and 67.4kg.
Hagerman (1984) has shown similar mean values (192cm and 88kg respectively for
men and 173cm and 70kg for women).
Studies comparing successful with less successful rowers add further support to
the importance of height and weight to success in rowing (Secher, 1975; Williams,
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1977 and Hahn et al., 1988). Hahn et al. (1988) demonstrated that more successful
elite male sweep oar rowers were significantly taller (192.6 vs 189.6cm; p=0.048) and
heavier (89.6 vs 86.2kg; p=0.040) than the remaining top level rowers they examined.
This was not the case with the more successful elite female rowers.

Hahn et al.,

(1988) suggested that this finding may have been a result of the females examined
being much more heterogeneous in terms of physiological capabilities than the male
rowers tested. As a result the effects of anthropometric differences on performance
may have been masked in this group of women.

In a similar study Secher (1983)

found that 14 oarsmen who had won World, Olympic or European Championships
were significantly heavier (but not taller) than their less successful counterparts (93kg
and 84kg respectively).
The average height of successful rowers has increased significantly over the past
ten years.

Korner (1989) revealed that the average height of former East German

Olympic and World Champions until 1980 was 192cm for men and 179cm for women.
By 1988 the average height of East German Olympic and World Champions had risen
significantly to 195cm and 182cm for men and women respectively.
Additional evidence supporting the importance of size in successful rowing
performance has been discussed by Secher (1983).

He found that heavier

oarspersons racing over 2000m completed the distance faster than their lighter
counterparts.

His calculations demonstrated that in a 2000m rowing race an

improvement of approximately five seconds can be expected for every additional 10kg
body weight above 60kg.

He concluded that this advantage was due partly to the

larger anaerobic metabolic capability manifest in large individuals but also because the
constant weight of the boat, oars and coxswain becomes relatively less for oarsmen
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with larger body dimensions. These results suggest that size (height and weight) is
an important determinant in rowing performance and thus should be appraised in any
field test undertaken.

2.3.1.2 Body Fat
A low body fat level has been found to correlate strongly with success in rowing
(Williams, 1977). Body fat measurements recorded by Hagerman et al. (1979) on 503
elite heavyweight oarsmen, 120 lightweight oarsmen and 40 oarswomen indicate an
average of 11 per cent,

8.5 per cent and 14 per cent respectively.

These are

substantially lower than the acceptable population norms (12-20 per cent for males
and 17-28 per cent for females) suggested by Egger and Champion, (1986).
Studies comparing successful rowers with their less successful counterparts have
also demonstrated the importance of body fat as a useful indicator of rowing
performance.

Williams (1977) reported that successful rowers in all categories

averaged from 8.0 per cent to 8.25 per cent body fat, while the less successful
candidates averaged 8.5 per cent to 9.0 per cent body fat.

Similar findings were

reported by Secher (1983) who demonstrated that 14 oarsmen who had won Olympic,
World or European Championships recorded significantly lower body fat levels than
13 internationally competing counterparts (6.5 per cent and 8.3 per cent respectively,
p<0.05). Hahn et al. (1988) has also demonstrated that the average skinfold (sum of
seven sites) for a group of elite oarsmen was significantly lower in the higher ranked
rowers than for the remainder (50.2 and 59.6mm respectively, p=0.061).
It is interesting to note that while the average height of successful rowers is
gradually increasing (Korner, 1989), their average skinfold is slowly decreasing.
Hagerman (1984) reported that the average skinfold of successful heavyweight elite
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oarsmen has decreased from 11 per cent in 1979 to between 9 and 10 per cent in
1984.

2.3.1.3 Limb Length
Researchers have also noted that successful rowers possess a higher ratio of lower
extremity length to trunk length than most other athletes and population norms. A
study conducted at the Australian Institute of Sport (Hahn et al. 1988) demonstrated
that the average sitting height of all male rowers tested was 51.8 per cent of total
height. The average figure for female rowers tested was 52.2 per cent of total height.
These findings compare favourably with those reported by Tanner’s 1964 studies on
white male track and field athletes, weight lifters and wrestlers. He found that only
high jumpers (of whom there were just two), steeplechasers and 800-1500m runners
had sitting heights which averaged less than 52 per cent of total height. The mean
values for 125 male students measured by Tanner (1964) and 153 male students
measured by Carter et al. (1982) were 52.9 and 52.5 per cent respectively and are
significantly lower than those recorded by the rowers. The corresponding values for
94 female students measured by Carter et al. (1982) were 53.3 per cent. Ross et al.,
(1982) have also shown that oarsmen display longer legs when compared to normal
population groups. They found a higher ratio of lower extremity length to trunk length
in Olympic oarsmen than in a moderately fit control group. The oarsmen in this study
were also found to exhibit greater tibial and foot lengths in proportion to their body
size. The proportionality of female Olympic rowers was generally similar to that of a
control group, but the rowers had greater tibial length (Ross et al. 1982). This study
found that generally the few significant differences of the rowers from normal
proportionality were likely to be less important than sheer size in determining success.
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Studies at the Australian Institute of Sport demonstrate that the trend for rowers
to possess longer legs in relation to their total body height can also be displayed when
highly ranked elite rowers are compared to their lower ranked elite counterparts (Hahn
et al., 1988). Similarly, from other research evidence, lower ratios of sitting height to
total height were also recorded by the highly ranked group when compared with the
remainder (51.6 and 52.1 percent respectively).
The ratio of arm length to total height also appears to be slightly above average
in rowers. The mean ratio for elite male rowers tested at the Australian Institute of
Sport was 44.75 per cent and the corresponding ratio for elite female rowers was 44.4
per cent (Hahn et al., 1988).

In Tanner’s 1964 investigation of various white male

athletic groups, only discus throwers (with a ratio of 45.7 per cent) had proportionally
longer arms than the male rowers measured at the Australian Institute of Sport.
Javelin throwers and hammer throwers recorded similar ratios to the rowers (44.8 and
44.6 respectively).

The mean ratio of arm length to height in 125 male students

measured by Tanner (1964) was 44.2 per cent. More recent research conducted on
students by Carter et al. (1982) recorded average ratios of 44.4 and 43.6 per cent for
male and female students respectively.

However, in this study, the ratios of arm

length to total height recorded by rowers were found to differ very little from the ratios
recorded by the students. Ross et al. (1982) have also found that oarsmen exhibit
greater upper arm length in proportion to their body size compared with normal
population groups.
It is important to note that differences in regard to measurement techniques make
comparisons between anthropometric characteristics recorded in numerous other
studies difficult. However, there is sufficient support in the literature to suggest that
long limb length is associated with success in rowing and consequently should be
assessed in any field test designed to identify early rowing potential.
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2.3.1.4 Summary of the Physical Attributes Affecting Rowing
Performance
The major physical attributes found to affect rowing performance are:
a. height and weight;
b. body fat;
c. limb length.
Consequently, any field test designed to identify rowing potential must address these
three characteristics.

2.3.2 PHYSIOLOGICAL ATTRIBUTES AFFECTING ROWING PERFORMANCE
Physiological traits such as aerobic power and anaerobic capability can also be seen
to predominate in athletes participating in specific sports. For example, successful
marathon runners have large aerobic capacities with very limited anaerobic capability
while weight lifters possess exceptional anaerobic capability but poor aerobic
capacities. It may be that a predominance of physiological traits such as these are
manifest in successful rowers.

2.3.2.1 Aerobic Power
The contribution of aerobic metabolism to the total energy expenditure of a 2000 meter
rowing race has been reported to be approximately 70 to 80 per cent (Hagerman et
al., 1979; Hagerman, 1984); thus the high maximal oxygen uptakes (6 to 7 litres per
minute for males and 4 to 5 for females) reported by numerous researchers (Marlow,
1980; Secheret a!., 1982; Secheret al., 1983; Hagerman, 1984; Astrand et al., 1986;
and Hahn et al., 1988) are not unexpected. The aerobic power of rowers has also
been compared and ranked with athletes of other endurance sports. Astrand and
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Rodahl (1986) found the average aerobic power (L.min"1) of oarsmen to be in the top
four sports with only triathletes, cross country skiers and orienteerers recording higher
values.
Secher et al. (1982) found that maximal oxygen uptake was significantly higher
in winners ,of major international regattas than in rowers who competed at such
regattas without success.

Additionally, Secher et al. (1982) in a different study

observed a correlation (r=0.87) between the average maximal oxygen uptakes of
crews in a European championship regatta and their finishing order.

It has been

suggested that the higher levels of maximal oxygen uptake in successful rowers may
be primarily a reflection of their larger body dimensions (Secher and Vaage, 1983).
However, unpublished data from the Australian Institute of Sport showed that the 1986
Australian senior A mens eight had a significantly higher mean maximal oxygen uptake
than the senior B crew, despite similarity in the average values for height and weight
(Hahn et al.,1988).
Histological studies of the skeletal muscle morphology of rowers (Larsson and
Forsberg, 1980; Hagerman and Staron, 1983) have provided evidence to support the
high aerobic demands of the sport. A predominance of Type 1 (slow-twitch) muscle
fibres has been shown in both the vastus lateralis and deltoideus muscles: 70 percent
as against the 50 per cent Type 1 fibres found in normal semi-active controls.

Very

few Type 11B fibres were present. All existing fibres were large in diameter (7300um
in rowers compared to 3600-4800um found in untrained individuals) and were highly
vascular (twice the capillary density found in untrained subjects).

Larsson and

Forsberg (1980) found these characteristics to be more pronounced in internationally
competitive than in nationally competitive oarsmen.
From calculations of the energy demand required to row at speeds attained
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during international rowing championships, Astrand and Rodahl (1986) estimated that
a maximal oxygen uptake of 6.25 L.min'1 was required to row a single scull, double
scull or pair-oared craft at the speeds attained during the 1971 World Championships.
Similar values were reported by Jackson and Secher (1976) who demonstrated that
an oxygen uptake between 5.8 and 6.01 L.min'1 of V 0 2 was essential in order to
achieve boat speeds required to win an Olympic Medal in 1972.

More recent

calculations suggest that the aerobic demand of rowing at racing speeds is even
higher (6.1 to 6.4 L.min"1) as the calculations employed in the earlier studies assume
a linear relationship between V 0 2 and rowing speed, although a near cubic
relationship should be expected (Secher et al., 1982).
Shakespear (1980) has suggested that maximal oxygen uptake may be an
appropriate factor on which to base talent identification. In East Germany, male and
female rowers must have maximal oxygen uptakes of at least 6 L.min'1 and 4 L.min"1
respectively in order to be considered for national selection (Hagerman, 1984). On
the other hand Pyke et al., (1979) and Tumilty et al., (1987) observed a correlation of
only 0.63 and 0.51 respectively between oxygen uptake and average watts during
simulated racing on a rowing ergometer. Consequently, it is possible that the relative
importance of the former variable as a determinant of rowing performance has often
been overrated.

2.3.2.2 Anaerobic Capability
In addition to well-developed mechanisms for aerobic energy release, elite rowers also
require substantial anaerobic capability as significant oxygen debt is acquired during
a 2000 metre race.

Total oxygen deficits of six to eight litres for rowers after six

minutes of maximal work on a rowing ergometer have been reported by Hagerman
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(1984) who also observed maximal venous blood lactate readings as high as
20m m ol.L1. Vaage (as cited in Astrand and Rodahl, 1986) confirmed these findings
observing venous whole blood lactate concentrations in the range of 15-17m m ol.L1
in oarsmen immediately after races.
Estimates of the anaerobic contribution to energy release during a 2000 metre
rowing race have varied from 1 4 to 31 percent (Secher, 1983 and Hagerman, 1984).
Such estimations are very suspect given the inability to directly measure anaerobic
capability. Allowing for methodological error, Secher and Vaage (1983) asserted that
anaerobic energy metabolism is a significant performance determinant given the
oxygen debts accumulated by rowers, whether or not its percentage contribution is
high or not.
The considerable muscular strength demonstrated by successful rowers also
supports the importance of anaerobic capability in rowing. Elite oarsmen are able to
apply forces between 700 and 900N to the oar when rowing at racing speed (Ishiko,
1968).

Muscular strength has been measured in hand, trunk and leg muscles of

oarsmen, and while they demonstrate considerably more strength than (Danish)
controls (Secher, 1983), these measurements do not generally separate good from
less qualified oarsmen (Larsson and Forsberg, 1980) unless they are taken with the
subject in a simulated rowing position.

By measuring isometric strength in this

position, Secher (1975) was able to separate elite (2000 N) from (lighter) national and
club oarsmen (1800 and 1600 N respectively).
Yamakaiva and Ishiko (1966) found a high correlation between strength measures
and rowing performance in a boat.
Bloomfield and Roberts (1972).

These findings could not be confirmed by

Secher (1983) commenting on this paradox,

suggested that Yamakaiva and Ishiko’s findings may have been due to the larger body
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dimensions of the more successful oarsmen they studied, pointing out that strength
was dependent on size. He asserted that the relationship described by Yamakaiva
and Ishiko was probably a secondary one, the primary relationship being between size
and rowing performance. Pyke et al., (1979) have found a strong positive correlation
(r=0.82) between isokinetic force exerted during leg drive on the Cybex Dynameter
and total work done on a rowing ergometer. Clearly further research is needed to
determine the extent of the relationship between strength and rowing performance in
a boat. It is important to note that Shakespear (1979) argued that large strength gains
can be achieved in virtually all young rowers if given the appropriate training, and thus
the measurement of strength should not be considered critical to an effective talent
identification program aimed at adolescents. Due to the trainability of strength and the
necessity of good basic strength levels to perform well in a test of anaerobic capability,
it may be possible to justify the exclusion of any specific strength tests when
assessing the suitability of individuals for rowing.

2.3.2.3 Summary of the Physiological Attributes Affecting Rowing Performance
The research evidence indicates that the physiological factors determining rowing
performance include:
a. high aerobic power;
b. high anaerobic capability.
These two qualities must be assessed in any field test designed to identify rowing
potential.
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2.4 MEASURING PHYSICAL AND PHYSIOLOGICAL ATTRIBUTES
IN A FIELD TEST ENVIRONMENT

From the above review, it is possible to distinguish important physical and
physiological characteristics necessary for successful performance in rowing.

The

purpose of this study is to develop a series of tests through which these traits can be
assessed. However, conventional procedures used to assess these characteristics
may not be practical in the field testing environment. As a result it may be necessary
to develop new procedures that meet particular criteria affiliated with field testing.

2.4.1 BASIC CRITERIA FOR FIELD TESTING
For a field test to successfully identify talent at the ‘grass roots’ level of a specific
sport, the various assessment procedures involved in the field test must meet three
fundamental criteria. All elements of the field test should:
a. be capable of appraising large numbers of subjects over a short period of
time;
b.

utilise elementary equipment that can be used with very little instruction,

thereby eliminating the need for highly trained instructors to conduct the
testing;
c.

employ low cost equipment that is simple to maintain and easily accessible

to all levels of the sport.
If these criteria are well met by the rowing field test and the various components of
such a field test shown to be valid and reliable, the selection process will be capable
of identifying potential rowing talent over a broad area and utilising the available
resources most effectively.
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The following paragraphs discuss the various procedures through which physical
and physiological characteristics found in successful rowers have previously been
measured. Difficulties associated with meeting the criteria essential for field testing
will be identified and possible solutions recommended.

2.4.2 PHYSICAL ATTRIBUTES
Rowers who succeed in open competition are generally large (tall and heavy) people
with a mesomorphic somatotype and low body fat. They also display longer upper and
lower limb lengths than most other athletes and population norms. Measuring these
physical characteristics in large numbers of school children should be possible using
standard laboratory procedures.

2.4.2.1 Height and Weight
The measurement of height and weight creates no notable difficulty and can be
conducted utilising normal laboratory procedures in a field test setting (MacDougall et
al., 1982).

2.4.2.2 Body Fat
The most accurate means used to determine body fat levels are the underwater
weighing techniques employed in most sport science laboratories around the world.
However these methods are impractical for field testing as they require the use of
complex equipment along with trained technicians.

Furthermore the equipment

required is not readily transportable and is time consuming to set up and operate. A
more practical way to determine body fat levels is through measuring skinfold
thicknesses.
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Significant errors in determining percent body fat through skinfold measures have
been shown to exist (Jackson et al., 1978; Housh et al.f 1983; Morrow et al., 1986).
Factors contributing to this error include:
a. different methods employed to calculate percent body fat;
b. absolute size of measures (smaller measures are less consistent);
c. use of imprecise landmarks;
d. difficulty in securing uniform posture in subjects;
e. non-standardised procedures for training of testers;
f. wide variation in experience levels of testers.

Studies have been undertaken to determine the reliability of skinfold measures and
the degree to which inter-tester variability affects these calculations. The findings are
neither uniform nor conclusive. For example, the findings of a study conducted by
Housh et al. (1983) to determine the inter-tester variability in body composition
assessment, concluded that existing methods used to determine body fat levels were
not reliable enough as a means of providing feedback of any real value. Conversely,
Jackson et al. (1978) and Morrow et al.(1986) have demonstrated that variation among
testers is not a major source of error in skinfold measurements. They found that the
reliability of skinfold assessment exceeded 0.95 in experienced testers. Furthermore,
where the various skinfold measurements were summed, the inter-tester correlation
was even higher, r=0.996 (Jackson et al. 1978).
Although

some

doubt

remains

as to the absolute

reliability of skinfold

measurements, the evidence in the literature supporting body fat as a good indicator
of rowing performance in elite oarspersons is indisputable. However, as body fat can
be reduced dramatically through training, it would be of limited benefit to assess this
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physical characteristic when looking at people with little previous rowing training.
Consequently it is not considered an essential requirement of a field test to identify
potential rowing talent.
It may be useful (if time and trained personnel are available), to employ skinfolds
measurements as additional descriptive data on subjects tested.

The suggested

method for assessing body fat is that developed by Telford et al., (1988) (see
Appendix B).

In the recording of skinfold measurement, care must be taken to

minimise all sources of error. Some useful suggestions include:
a. using measures known to be reliable;
b. utilising regression equations which employ sum of the skinfolds;
c. providing uniform tester training.

2.4.2.3 Limb Length
Traditional procedures employed to assess limb length have involved direct
measurements taken from the arms or legs. However, the reliability of such methods
is dependent on the accuracy with which the tester marks specific anatomical sites
between which measuring will take place. When large numbers of different testers are
required to perform these measurements the potential for errors to affect the results
is high.

Furthermore, the task of accurately marking anatomical sites is time

consuming when large numbers of subjects need to be processed.
A more practical method to determine lower limb length would be to measure
sitting height. The same apparatus used when determining total body height could be
employed thus reducing the equipment required for the field test. Sitting height can
then be subtracted from the full stature height to give an indication of lower limb
length.
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With regard to arm length, similar procedures can be developed which reduce the
number of anatomical sites that need to be identified. For example, a measure of full
reach height can give an indication of arm length when subtracted from the subjects’
standing height. A further method capable of providing an indication of arm length
without the,need for anatomical marking would be a measurement of arm span.
However, such a procedure does not indicate the degree to which chest diameter
influences the arm span measure. If a direct measure of arm length is recorded along
with arm span, an indication of chest diameter can be calculated.

In summary, a

practical method of assessing leg length without the need to identify anatomical sites
is to measure sitting height while an accurate indication of arm length can be obtained
from the measurement of full reach height and arm span.

With the additional

measurement of arm length, an indication of chest diameter can also be calculated.

2.4.3 PHYSIOLOGICAL ATTRIBUTES
Successful rowers also require well developed mechanisms for both aerobic and
anaerobic energy release. The measurement of these physiological attributes in large
numbers of school children presents a much more difficult task than that encountered
when appraising individual anthropometric characteristics.

2.4.3.1 Aerobic Power
The most accurate and reliable means of assessing aerobic power in rowers is to
monitor expired air while the rower performs a maximal test to exhaustion on a rowing
ergometer.

Hagerman et al. (1979) have demonstrated that the physiological

responses exhibited by oarsmen performing a simulated race on a Gjessing rowing
ergometer closely resemble on-the-water measurements.

The results of a similar
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study carried out by Jackson and Secher (1976) supported these findings.

They

measured the oxygen consumption for a pair-oared crew during actual rowing and
found average oxygen uptake values of between 5.8 and 6.0 L.min"1. They also
concluded that the actual oxygen cost of rowing and that obtained during maximal
work on a rowing ergometer are similar thus enabling the use of the latter to serve as
a practical means of obtaining valid and reliable evaluative aerobic data.
As a result of the similarities in physiological responses elicited by oarspersons
during actual rowing and performance on the rowing ergometer it is not surprising that
the latter apparatus has been used repeatedly to give an indication of aerobic power
in rowers (Secher, 1983; Secher et al., 1983; Hagerman, 1984; Hahn et al., 1988;
Hollings et al., 1989).
Although maximal tests such as the ones described above provide an accurate
indication of aerobic power, the use of sophisticated laboratory equipment is essential
to monitor expired air. This equipment is prohiitive for testing of large numbers of
subjects due to time factors involved in calibration of equipment for each test and the
availability of qualified staff. Furthermore, field testing would be restricted to those
individuals who live close to a sports science laboratory. Such a test does not meet
the criteria for a suitable field test set out above (time efficient, uncomplicated
equipment, accessible to all levels of the sport) and thus has to be disregarded.
Rowing clubs with restricted financial support or coaches with limited scientific
experience have to be able to implement the field test when selecting potential club
or crew members.
Although standard methods of assessing aerobic power in rowers are not
appropriate for field testing, the use of a rowing ergometer alone may be possible.
The rowing ergometer is an ideal testing apparatus due to its simplicity of construction
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and use, its manoeuvrability and the number of ergometers already purchased by
rowing clubs throughout Australia.
If the peak oxygen uptake achieved in a maximal effort test performed on the
rowing ergometer can be shown to relate well to the total work completed during the
test, it would be possible to employ the latter information as an indirect measure of
aerobic power.

This would enable the testing of large numbers of school children

without the use of highly technical, expensive and cumbersome equipment while at the
same time providing a reliable means of assessing and ranking individual aerobic
potential. However, as a testing apparatus the rowing machine may be too specific
to the rowing action thereby favouring those adolescents who have already undertaken
some form of previous rowing experience.

Consequently, the first question to be

examined when developing a test capable of assessing aerobic power in potential
rowers is whether or not average watts achieved on the rowing ergometer is related
to aerobic power.
Muscle biopsy analysis can also give an indication of aerobic power by identifying
the ratio of fast to slow twitch fibres in a muscle sample. However, due to the highly
technical equipment and the trained personnel required when diagnosing muscle
morphology, such a procedure cannot be considered practical for field testing.

It

would be more appropriate to conduct muscle morphology analysis in a tertiary phase
(national level athletes) field test.

2.4.3.2 Anaerobic Capability
Although anaerobic energy contributes about one-fifth of the total energy expended
by an elite oarspersons during a 2000 metre rowing race (Secher, 1983 and
Hagerman, 1984), anaerobic power is still considered a dominant trait exhibited by
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successful rowers.

This makes it necessary to include some means of assessing

general capability for anaerobic energy release in the field test.
Due to the inability to directly assess anaerobic power an indication of anaerobic
capability has traditionally been estimated by monitoring average watts during as little
as 10 seconds of supra-maximal efforts on the cycle ergometer (Astrand and Rodahl,
1986; Telford et al., 1987).

Average watts over short periods such as these, was

thought to depend almost exclusively on alactic energy pathways (Margaría et al.,
1964). However, Jacobs et al., (1983) demonstrated that ten seconds of all-out effort
on a cycle ergometer led to a very pronounced increase in muscle lactate
concentration also suggesting considerable involvement of lactic energy pathways.
The principle of sports specificity suggests that a comparable test utilising the
rowing ergometer rather than cycle ergometers, would be more suitable for testing
rowers. Hahn et al. (1988) proposed that a one-minute supra-maximal effort on the
rowing ergometer can give a reliable indication of anaerobic capability. A one-minute
test on the rowing ergometer is thought to be comparable to a 15 to 30 second supra
maximal test on the cycle ergometer. This is due to the recovery phase of the rowing
action which makes up approximately 50 per cent of a single stroke cycle under racing
conditions.

Consequently, the major muscle groups involved with rowing are only

working maximally for half the stroke cycle. However, researches at the Australian
Institute of Sport have experienced problems of blood pooling and fainting when
employing a 30 second supra-maximal cycle ergometer tests on untrained subjects.
Vandewalle, Peres, and Monod (1982) have demonstrated a strong correlation
between 10, 15 and 30 second supra maximal test on cycle ergometers.

If a 15

second supra maximal cycle ergometer test was employed, the likelihood of novice
subjects experiencing fainting and feelings of nausea should be greatly reduced while
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still providing an accurate indication of their anaerobic capability.
Elite rowers have also been shown to possess high levels of muscular strength.
Equipment commonly used to assess strength, for example, the Cybex, is very
expensive and difficult to transport making it unsuitable for use in a field test.
However, the assessment of strength may not be necessary in an initial field test as
the relationship between strength and anaerobic power is such that an individual will
not perform well in a short duration maximal effort unless his/her strength capability
is high. Consequently, for initial field testing, the short duration supra-maximal effort
conducted to assess anaerobic power should give a reliable indication of specific
strength as well as anaerobic capability.

2.4.4 SUMMARY
Chapter 2 has reviewed the literature on talent identification to distinguish criteria that
have relevance for Australia and can be used in this study. It was decided that a field
test to identify potential rowers in Australia should be aimed at assessing rowing
potential in young adolescents. Such a field test must be capable of assessing the
health, heredity and biometric qualities of the young adolescents tested.

It was

suggested that an adequate indication of the health and heredity background of
potential rowers could be obtained with the use of a questionnaire (see Appendix A).
The assessment of biometric qualities possessed by potential rowers required the
conducting of suitable tests developed to measure characteristics shown to be
necessary for success in rowing. As a result, physical and physiological attributes that
affect rowing performance were identified and appropriate methods to assess them
discussed. Suggestions for suitable testing apparatus were also made. Chapters 3
to 5 deal in turn with six experiments undertaken to test the reliability and validity of
such testing procedures.
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CHAPTER 3
DEVELOPING A FIELD TEST TO ASSESS AEROBIC POWER

3.1 EXPERIMENT ONE: VALIDITY OF THE USE OF THE ROWING
ERGOMETER TO ASSESS PHYSIOLOGICAL PERFORMANCE CAPACITY OF
ELITE ROWERS

3.1.1 INTRODUCTION
Traditionally aerobic power has been measured through the analysis of expired air
while the rowers perform either a progressive test to exhaustion or a simulated race
on a rowing ergometer (maximal six-minute test). As previously discussed, such a
procedure involves considerable expertise and highly sophisticated and expensive
equipment.

This makes its inclusion impractical in a field testing environment.

However, it may be possible to gain an indication of aerobic power through
determining average power (watts) during either of the above-mentioned tests rather
than through expired-air analysis.

If a strong relationship can be shown to exist

between maximal oxygen uptake and average watts achieved during a simulated race
on the rowing ergometer, the latter can be successfully employed as an indication of
aerobic power thereby eliminating the need for expired-air analysis.
As discussed in the literature review, the relationship between peak oxygen uptake
and average watts on a rowing ergometer has not been conclusively determined.
Pyke et al. (1979) found a correlation coefficient of r=0.63 between V 0 2 max and total
revolutions during six minutes of simulated racing performed by experienced oarsmen
on a Repco rowing ergometer. A slightly lower correlation was calculated by Tumilty
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et al. (1987) on eight elite female rowers who performed a seven-minute simulated
race on a Gjessing rowing ergometer (r=0.51).

In contrast Secher (1983) has

calculated that 86 per cent of the energy expended when performing a simulated race
on the rowing ergometer is derived through the aerobic pathway which suggests that
the relationship between average watts and maximal oxygen uptake when performing
on the rowing ergometer should be strong. As a result of this apparent discrepancy
of findings it was decided to conduct a further study to help clarify the relationship
between maximal oxygen uptake and average watts achieved during a simulated
rowing race.

3.1.2 PURPOSE OF THE EXPERIMENT
The purpose of this experiment was to determine the relationship between maximal
oxygen uptake and average watts attained by elite rowers during a simulated race
performed on the Gjessing rowing ergometer.

3.1.3 HYPOTHESIS 1
It was hypothesised that elite rowers would demonstrate a strong relationship between
average watts attained on the rowing ergometer and maximal oxygen uptake.

3.1.4 DELIMITATIONS OF THE EXPERIMENT
The limitations of this investigation are listed below.
1.

Due to the geographic location of the researcher and the need to use

Australian Institute of Sport laboratory facilities, the subjects used in this study
were volunteers from rowing clubs in the Australian Capital Territory or
scholarship holders at the Australian Institute of Sport. Furthermore, the rowers
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tested were all females. This restricted the degree to which conclusions could
be applied to other populations.
2. The sample size was limited to 14 subjects as the tests to be performed
were time consuming, labour intensive and willing subjects of an elite standard
difficult to find.

3.1.5 LIMITATIONS OF THE EXPERIMENT
The limitations of this experiment are listed below.
1. While participants were asked to refrain from any strenuous activity for at
least 24 hours before the testing situation, the activity levels of subjects could
not completely be controlled.

3.1.6 METHODOLOGY
3.1.6.1 Subjects
The subjects used in this study were 14 female rowers of elite standard. All were
currently active oarswomen between 17 and 22 years of age. Thirteen of the women
had represented Australia at an international level and the remaining person was of
first grade standard having participated recently in the national championships.
Each subject was informed about the procedure and the risks involved in the
experiments before she agreed to participate. The subjects were also instructed to
follow their normal dietary habits, avoid drugs such as alcohol, cigarettes, tea and
coffee, and to refrain from exhaustive sporting activities prior to testing.

3.1.6.2 Anthropometric Measurements
Anthropometric measurements of height and weight were obtained on all subjects prior
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to the commencement of the aerobic power test. Skinfold thicknesses at seven sites
(biceps, triceps, subscapular, suprailiac, abdominal, mid-thigh, medial-calf) were also
acquired using the procedure outlined by Telford, Egerton, Hahn and Pang, (1988)
(see Appendix 1).

3.1.6.3

Oxygen Uptake and Power Output Measurements

To determine aerobic ability and average power output in elite rowers, a simulated
race on the Gjessing ergometer was performed. To approximate actual racing, its
duration was set at seven minutes. The resistance on the ergometer was adjusted to
2.75kg and rowers were instructed to complete as many flywheel revolutions as
possible over the period of the test. The total revolutions completed and the number
of strokes taken were recorded every 30 seconds, and the rowers given verbal
feedback throughout the test. The total number of revolutions achieved during the test
was then converted into watts to give an indication of average power output.
Throughout the test subjects breathed through a Hans Rudolph 2700 respiratory valve
and the volume of inspired air was measured by a Morgan ventilation meter. Samples
of mixed expired air were drawn through a desiccant (calcium chloride) and analysed
for oxygen and carbon dioxide content in Applied Electrochemistry oxygen and carbon
dioxide analysers.

These analysers were calibrated against gravimetric standards

before and after each test. Heart rate was recorded during the final ten seconds of
each minute using an electrocardiogram. These results were transmitted to a Quinton
ECG Data Computer. Outputs from the ventilation meter, the gas analysers and the
ECG computer were monitored by a Digital Equipment Corporation LSI 11/23
computer programmed to give minute-by-minute readouts for pulmonary ventilation,
oxygen uptake, carbon dioxide output, respiratory exchange ratio and heart rate.
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3.1.6.4 Statistical Methnrte
A correlation coefficient (Pearsons Product Moment) was used to calculate the
strength of the relationship between maximal oxygen uptake and average watts
attained. The equation for the line of best fit was determined through linear regression
analysis.

3.1.7 RESULTS
Mean values for the rowers age, height, body weight and skinfold totals for the seven
sites are shown in Table 3.1.7.1
Maximal oxygen uptake and average watts recorded during the seven minute
simulated race are displayed in Table 3.1.7.2

Figure t : Testing on the rowing ergometer
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Table 3.1.7.1 Age, height, body weight and skinfold
totals in a group of fourteen elite female rowers
AGE
(years)

HEIGHT
(cm)

BODY WEIGHT
(kg)

SKINFOLD SUM
(mm)

19.4

177.5

71.0

104.2

(17-23)

(169.2-184.9)

(64.0-78.6)

(76.3-125.2)

(Note: Figures in brackets show the range)

Table 3.1.7.2 Maximal oxygen uptake and average watts attained by elite
oarswomen during a seven minute simulated race on the rowing ergometer
SUBJECTS

MAXIMAL OXYGEN UPTAKE
(L.min'1)

TOTAL WATTS
(watts)

DB
KD
CJ
MK
MM
GM
SN
CP
BS
FS
CS
FW
EW
AW

4.38
4.15
3.84
3.58
3.39
3.69
3.49
3.48
3.28
3.58
3.41
3.31
3.06
3.78

261.6
251.6
243.7
224.&
219.2
221.0
234.4
218.6
226.9
226.8
219.2
198.0
207.3
239.5

mean values

3.60

228.1

standard deviation

0.35

17.0

Correlation co-efficient:
Regression equation:

r = 0.89

(n=14, p<.01 )

y = 71.1 + 43.6x

The average oxygen uptake for the 14 women was 3.6 litres per minute and their
mean power output for the seven minutes was 228.1 watts (the standard deviation for
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oxygen uptake and power output was 0.35 Lm in"1 and 17.0 watts respectively).
A strong correlation (r=0.89) between the maximal oxygen uptake and the average
watts produced was demonstrated by the oarswomen. This relationship was found to
be highly significant (p<.01).

3.1.8 DISCUSSION
The high correlation found between maximal oxygen uptake and average watts
(r = 0.89) was significantly higher than that reported by Pyke et al. (1979) and Tumilty
et al. (1987) (r=0.63 and r=0.51 respectively) revealing a strong relationship between
these two variables.

These results support the findings of Secher (1983) who

calculated that up to 86 per cent of the energy expended during a simulated race on
the rowing ergometer was generated through the aerobic energy pathways. It follows
that rowers with larger aerobic capacities were able to complete more work over a
given time period than those with smaller aerobic capacities.
The high linear relationship found in this study between maximal oxygen uptake
and average watts suggests that an accurate indication of aerobic power can be
determined from average watts scores alone. This could prove extremely useful in
locations where no sports science facilities are available and when large numbers of
subjects are required to be tested over a restricted time period.
These results suggest that oxygen uptake plays a much more important role in
rowing success than was demonstrated by Pyke et al. (1979) who tested elite oarsmen
and Tumilty et al. (1987) who tested elite oarswomen.

The significantly lower

correlations (r=0.51) between peak oxygen uptake and average watts reported by
Timulty et al. may have been due to the small sample size employed in this study
(n=7). The homogeneous aerobic ability displayed by the subjects tested in Tumilty

43

et al. study (maximal oxygen uptake ranged from 3.18 to 3.88 L.min"1) may also have
contributed to the lower correlation between average watts and maximal oxygen
uptake.
One possible explanation for the high correlation found in this study between
average watts and maximal oxygen uptake may have been the closeness of ages and
rowing experience among the subjects.

Hagerman (1984) has noted significant

increases in both mechanical efficiency and power generated (watts) by successful
oarsmen in serial testing using the same six-minute simulated race over a six to eightyear period.

Maximal or peak values for ventilation, oxygen uptake and heart rate

increased only minimally over this period.

He concluded that the considerable

improvement in mechanical efficiency was a result of further specific and prolonged
training, better coaching, improved technique, and rowing with more skilled and highly
conditioned team mates. The average age of the rowers tested in the Pyke et al.
(1979) study was 23.1 which was significantly older than the subjects employed in this
study (19.4 years) These findings suggest that the rowers tested in Pyke’s study were
likely to be more experienced than the oarswomen tested in this study due to their
older ages. As a result some of the oarsmen may have produced significantly greater
power output over the testing period than their peak oxygen uptake would suggest
(due to improved mechanical efficiency). On the other hand, the average age of the
oarswomen tested in this study was 19.4 years, just above the lower range reported
by Hagerman (1984) for international calibre rowers (this was expected as ten of the
subjects were members of teams selected to represent Australia at the World Junior
Championships or the Inter-Tasman Under 23 Series). Consequently, these women
were relatively inexperienced which may result in the average watt scores they
achieved during the ergometer test not being influenced to the same degree by
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Improvements in mechanical efficiency as would be expected with the experienced
male rowers tested by Pyke et al. (1979).
It is noteworthy that although the oarswomen employed in this study were similar
in height and weight to internationally successful rowers reported by Carter et al.
(1982) and Hagerman (1984), their average maximal oxygen uptake (3.6 L.m in'1) was
somewhat lower.

Both Hagerman (1984) and Secher (1983) recorded maximal

oxygen uptakes of between four and five litres per minute in elite female rowers. One
explanation for the lower oxygen uptakes recorded by the subjects in this study may
be the young average age of the group.

Improvements in aerobic power could be

expected with further training as the women mature to the senior ranks.
Also worthy of note was the adverse symptomatology such as extreme
hyperventilation, nausea and high lactic acid build up (resulting in one of the rowers
being unable to stand on completion of the ergometer test and others experiencing
considerable discomfort in this regard) observed in many of the subjects on completion
of the test.

This finding suggests that a more suitable protocol may have to be

developed for testing novice subjects.

3.1.9 CONCLUSION
The strong correlation found between maximal oxygen uptake and average power
output (watts) on the rowing ergometer confirmed Hypothesis 1 and revealed that the
rowers with larger aerobic capacities were able to accomplish more work in a given
time period than elite rowers with lower aerobic capacities. These results affirm the
importance of aerobic power as a determinant of work capability on the rowing
machine in elite rowers.
The correlation also demonstrates that average watts completed on the rowing
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ergometer can be used to predict accurately maximal oxygen uptake in elite
oarswomen. However, these implications cannot be generalised to adolescents with
little or no rowing experience.

Before such an inference can be drawn, a similar

correlation must be demonstrated between average watts produced and maximal
oxygen uptake when novice rowers perform a comparable test on the rowing
ergometer.
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3.2 EXPERIMENT TWO: VALIDITY OF THE USE OF THE ROWING
ERGOMETER TO ASSESS PHYSIOLOGICAL PERFORMANCE CAPACITY OF
NOVICE ROWERS

3.2.1 INTRODUCTION
The findings of the first experiment indicated that the rowing machine is a good
apparatus for assessing aerobic power in elite rowers by measuring average watts.
The average watts attained during a maximal test could be used to separate elite
female rowers with large aerobic capacities from other rowers of similar experience.
To be used successfully as a field test for talent identification, it must be shown that
novice rowers who produce greater power outputs (watts) during a similar trial also
possess superior aerobic capacities.

3.2.2 PURPOSE OF THE EXPERIMENT
The purpose of the second experiment was to determine if the average power output
achieved by novice rowers during a maximal test on a rowing ergometer correlates
well with their peak oxygen uptake.

If a strong relationship can be demonstrated,

average watts recorded on the rowing ergometer will be shown to be a simple means
of determining specific aerobic ability in young people with little or no rowing
experience. This would eliminate the need for highly technical expired-air analysis.

3.2.3 HYPOTHESIS 2
It is hypothesised that novice rowers would demonstrate a strong correlation between
maximal oxygen uptake and average watts recorded during simulated rowing on the
rowing machine.
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3.2.4 DELIMITATIONS OF THE EXPERIMENT
The delimitations of the experiment were similar to those listed in 3.1.4 with one
addition: due to the lack of female novice rowers training over the winter months
in clubs throughout the Australian Capital Territory it was not possible to
procure a large enough group of novice female oarspersons. Consequently the
novice experimental group comprised of 14 oarsmen.

3.2.5 LIMITATIONS OF THE EXPERIMENT
The limitations of this experiment were similar to those outlined in 3.1.5.
As all the research was conducted at the Australian Institute of Sport it was
necessary to work within set constraints of the sports science laboratory program.
Consequently, some differences exist between subjects, ergometers and protocols
employed in this experiment and those used in the first experiment. However these
changes are not expected to influence any trends shown in the results.

3.2.6 METHODOLOGY
3.2.6.1 Subjects
All of the 14 novice males were undertaking some form of regular rowing training and
had competed at a third or fourth grade level in local regattas during the past season.
The subjects ranged in age from 17 to 29 years.
As in the first experiment each subject was informed about the procedure and the
risks involved and instructed to refrain from any radical dietary changes and excessive
exercise prior to testing.
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3.2.6.2 Anthropometric Measurements
Before commencing the aerobic power test, anthropometric measurements identical
to those recorded in the first experiment (height, weight and skinfold thicknesses) were
obtained for all subjects. Skinfold thicknesses were measured at eight different sites
(biceps, triceps, subscapular, mid-axillary, suprailiac, abdominal, mid-thigh and medial
calf) using the procedure outlined by Telford et al. (1988).

3.2.6.3 Rowing Erqometer Test
Following the conclusion of the first experiment a new model of rowing ergometer, the
Concept 11, had been purchased by the Australian Institute of Sport. This ergometer
is much more suitable for field testing than the Gjessing as it is considerably cheaper
($1 500 as compared to $10 000), very robust, requires little or no maintenance (unlike
the Gjessing) and is highly manoeuvrable due to its very light, rudimentary
construction. In addition Hahn, Tumilty, Shakespear, Rowe and Telford (1988) have
demonstrated that average power outputs recorded during simulated racing on
Concept 11 and Gjessing ergometers are highly correlated (r=0.97; p<0.001) and that
the physiological responses to testing on the two ergometers are almost identical.
Furthermore, ten of the 11 women who took part in the study conducted by Hahn et.
al. (1988) believed that the Concept ergometer was superior to the Gjessing in
simulating the ‘feel’ of rowing.
For the above reasons and because of its greater accessibility to coaches, clubs
and the individual oarsperson, it was decided to determine aerobic power in the novice
group of subjects using the Concept 11 ergometer.
A second change to the experimental format undertaken in the first study involved
the type of test employed to assess aerobic power. As reported in the first study,
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hyperventilation, nausea and symptoms related to extreme lactic acid build up were
experienced by many of the elite oarswomen performing the seven minute simulated
race on the rowing ergometer, casting doubt as to the wisdom of employing such a
protocol to assess aerobic power in young novice rowers. Furthermore, the tactical
requirements necessary to achieve high average watt scores - such as pacing, require
some previous experience on rowing ergometers. Therefore the average power output
attained by novice rowers unfamiliar with the seven minute test on rowing ergometers
are unlikely to reflect accurately the aerobic power of which the novices are capable.

Figure 2 Concept 11 rowing ergometer

As a result, it was decided that an incremental test protocol would be employed
to evaluate aerobic power in the novice group.

Such a test would ensure greater

safety and more reliable results with novice subjects. Furthermore, by minimising the
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need for supramaximal effort, an even better correlation between average watts and
maximal oxygen uptake might be expected.
Although a progressive test is quite unlike a maximal ‘all out’ effort protocol,
Hagerman (1984) and other researchers (Mickelson and Hagerman, 1982; Mahler et
al., 1984) observed very little difference between the maximal oxygen uptake values
obtained by oarsmen and oarswomen during the last minute of a progressive
resistance protocol on a rowing ergometer and those achieved during the final minute
of six and three minute simulated race conditions.

3.2.6.4 Oxygen Uptake and Power Output Measurements
To determine aerobic power and average power output the subjects performed an
incremental test to exhaustion on the Concept 11 rowing ergometer. The larger gear
(smaller cog) was used, giving a higher resistance. The wind damper was fully open
to minimise cavitation effects. Workloads commenced at 100w and increased by 25w
every minute until volitional exhaustion was reached or the subject was unable to
maintain the specified workload. Average power output in watts was recorded at the
end of each minute from a digital display supplied with the ergometer. After recording
the power output the digital indicator was re-set for the ensuing minute. The formula
used to calculate the power output is not provided by the manufacturer, but it takes
into account the number of flywheel revolutions completed and the relationship
between the surface area of the flywheel and the magnitude of air resistance to its
movement. Electronic monitoring of the rate of flywheel deceleration between strokes
permits an automatic adjustment to be made for the effects of air temperature and
pressure. The number of fly wheel revolutions was recorded every 30 seconds using
a work monitor constructed by the Australian Institute of Sport technicians.
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Minute-by-minute readouts for pulmonary ventilation, oxygen uptake, carbon
dioxide output, respiratory exchange ratio, and heart rate were recorded using the
same methods and equipment outlined in the first experiment.

3.2.6.5

Statistical Methods

The statistical methods employed in this experiment were identical to those described
in the first experiment (see 3.1.6.4.).

3.2.7 RESULTS
Mean values for age, height, body weight and skinfold thickness are displayed in Table
3.2.7.1

Table 3.2.7.1 Mean age, height, body weight and skinfold thicknesses in a
group of 14 novice male rowers
AGE
(years)

HEIGHT
(cm)

BODY WEIGHT
(kg)

SKINFOLD SUM
(mm)

19.0

180.0

72.6

66.7

(17-29)

(174.0-193.6)

(60.1-82.9)

(39.4-93.1)

(Note: Figures in brackets show the range)

Maximal oxygen uptake and peak power output attained over any 60-second
period are displayed in Table 3.2.7.2. The average maximum oxygen uptake for the
14 males was 4.44 litres per minute. The mean power output for the 13 novice rowers
was 320 watts.

52

A poor correlation (r=0.13) was found to exist between maximal oxygen uptake
and the average watts produced. This relationship was not significant (p>0.05).

Table 3 .2 J .2 Maximal oxygen uptake and peak watts attained by fourteen
novice oarsmen during a progressive test on the rowing ergometer
SUBJECTS

MAXIMAL OXYGEN UPTAKE
(L.m irf1)

GA
TA
MB
TC
JD
SF
MH
GH
SK
ML
GM
DM
JP
AS

4.79
4.57
3.84
4.76
3.86
4.98
4.23
4.23
4.90
4.06
4.57
4.69
4.05
4.14

345
342
344
329
354
289
291
300
362
282
291
336.
292 *"
320

4.44

320

mean values

Correlation co-efficient:

r = 0.13

TOTAL WATTS
(watts)

(n=14, p>0.05)

3.2.8 DISCUSSION
The poor correlation (r=0.13) found between maximal oxygen uptake and peak power
output (watts) produced on the rowing ergometer revealed that the novice rowers with
larger aerobic power were not always able to attain higher power outputs than their
counterparts.

These results are contrary to the findings of the first study and

demonstrate that average watts attained on a rowing ergometer cannot be used to
ascertain aerobic power in novice rowers.
One explanation for these results could be a large difference in mechanical
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efficiency exhibited by the novice rowers. It may be possible that some novice rowers
have difficulty expressing themselves fully on the rowing machine due to the complex
movement pattern required to work efficiently on this apparatus. Consequently, novice
rowers with little experience and technical training who possess large aerobic
capacities are not able to obtain average peak power output scores that reflect their
true aerobic ability.
It is interesting to note that the subjects employed in this study were significantly
shorter and lighter (180cm and 72.6kg) than internationally successful male rowers
(192cm and 88kg) reported by Secher (1983) and Hagerman (1984). They were also
younger (average age of 19 years) in comparison to internationally successful rowers
(average age of 25.6 years). Furthermore, their average maximal oxygen uptake (4.43
L.min'1) was significantly lower than those reported in the literature (6 to 7 L.min'1) for
elite

male

oarsmen

(Hagerman,

1984).

These

physical

and

physiological

characteristics of the subjects support their novice status in that they were new to the
sport and had limited physiological development and rowing experience.
As a result of these findings the rowing ergometer test carried out must be
considered unsuitable for assessing aerobic power in young people with little or no
rowing experience. An alternative method of assessing aerobic power needs to be
developed which must be as specific to the rowing action as possible while at the
same time utilising greater simplicity of movement than that required by the rowing
ergometer. It must be possible for both elite and novice rowers to gain work output
scores that accurately reflect their aerobic power.

Thus, the most important

requirement of such a test is that the peak power output can be shown to correlate
highly with maximal oxygen uptake in both inexperienced and national standard
rowers.
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3.2.9 CONCLUSION
The low correlation between maximal oxygen uptake and peak watts on the rowing
machine failed to support Hypothesis 2 and revealed that novice rowers with
exceptional aerobic power may not gain power output scores on the rowing ergometer
that truly reflect this characteristic. Therefore, power output on the rowing ergometer
cannot be seen as a suitable means of assessing aerobic power in young people with
little or no rowing experience.
As the rowing ergometer has been shown to be unsuitable for the field testing of
potential rowers, further research is needed to develop an alternative means of
assessing aerobic power.
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3.3

EXPERIMENT THREE:

VALIDITY OF THE USE OF THE ARM/LEG

ERGOMETER TO ASSESS PHYSIOLOGICAL PERFORMANCE CAPACITY OF
ELITE ROWERS

3.3.1 INTRODUCTION
As a result of the low correlations found in novice rowers between oxygen uptake and
peak watts on the rowing ergometer, peak watts scores attained on a rowing
ergometer was shown to be a poor indicator of V02 max in novice rowers. This was
thought to be a result of individual differences in mechanical efficency. As a result,
an alternative method of assessing aerobic potential in adolescents has to be
developed.
An apparatus is needed that will minimise differences in mechanical efficiency, so
that a better relationship between peak power output and maximal oxygen' uptake is
attained.

However, if the selected apparatus is to be useful for incorporating in a

rowing field test, maximal oxygen uptake achieved on this apparatus must be similar
to that which can be attained, or could eventually be attained on a rowing ergometer.
The first step, is to select an apparatus capable of measuring maximal oxygen uptake
that is less affected by variations in mechanical efficiency than the rowing ergometer,
yet using as many of the rowing-specific muscle groups that is possible.

By

minimising complex movement patterns, variations in mechanical efficiency when
testing novice rowers should be reduced.

The apparatus must still be capable of

eliciting maximal oxygen uptakes in elite rowers similar to that attained by them on the
rowing ergometer.
Two alternative methods that have been employed in the past to measure aerobic
power without the use of sophisticated equipment are the ‘timed run’ and the cycle
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ergometer tests. The ‘timed run’ was developed by Balke (1963), Cooper (1968) and
Lemon (1982). They demonstrated that the total distance an individual can run in 10,
12 or 15 minutes gives a reliable estimate of maximal oxygen uptake in ml/kg x min.
However running, in contrast to rowing, is not a weight supporting sport and thus its
use in predicting maximal oxygen uptake for rowers can be questioned.

It seems

likely that large framed young people may well be disadvantaged in any distance
running task due to the extra body weight they have to support. If the aerobic power
of potential rowers with suitable physical attributes for rowing (tall and heavy) were
tested on a treadmill, it is quite likely that individuals with exceptional aerobic power
would be unable to attain large average watt scores due to their large body weight.
Unlike the ‘timed run’, aerobic power tests conducted on a cycle would be weight
supporting. Consequently, field tests conducted on this type of ergometer would seem
to be more appropriate in providing an estimate of the absolute maximum oxygen
uptake for potential rowers. Telford (1982), Astrand and Rodahl (1986) and Telford
et al. (1987) have demonstrated that an indication of non-specific aerobic capability
can be gained from various submaximal cycle ergometer tests. However, these tests
employ the use of predicted rather than actual maximal heart rates which limits their
accuracy (Astrand and Rodahl, 1986). A more accurate indication of aerobic power
can be gained by continuing the test until the subject reaches voluntary exhaustion or
is unable to maintain the designated workload (Astrand and Rodahl, 1986).
The research is unclear as to the accuracy of aerobic power measured in rowers
performing progressive maximal tests on the cycle ergometer. Hagerman (1984) cited
three studies which have demonstrated that rowers performing incremental tests on
a cycle ergometer exhibit aerobic capacities significantly lower than those they
achieved when performing a similar test on a rowing ergometer. He concluded that
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the lower maximal oxygen uptake values recorded when performing on the cycle
ergometer were probably due to local muscular fatigue effects prior to reaching true
maximal oxygen uptake. In contrast, Bouckaert et al. (1983) reported that oarsmen
attained practically the same peak oxygen uptake values on the two ergometers.
These authors could suggest no obvious explanation for the discrepancy between their
findings and those of prior studies.
Another disadvantage associated with the use of a standard cycle ergometer when
testing for aerobic power involves the specificity of movement. Cycling demands very
little upper body involvement when compared with rowing which requires the leg, back
and arm muscles to work simultaneously during the drive phase of the stroke
(Hagerman, 1984 and Secher, 1983). A cycle ergometer that demands upper body
involvement is the arm/leg cycle ergometer. This ergometer has been shown to elicit
similar nett efficiency levels to the rowing ergometer (20.3 per cent and 20.9 per cent
for arm/leg and rowing ergometry respectively) during submaximal work (Telford,
1982). Additionally, the arm/leg cycle ergometer involves the use of both upper and
lower body muscles in fairly routine movement patterns which require no great skill.
This should enable subjects with little or no rowing experience to express themselves
fully and hence provide the researcher with a reliable indication of their aerobic power.
The arm/leg cycle ergometer is also an inexpensive, non-complex and highly
manoeuvrable apparatus making it an ideal field testing device.
Should maximal oxygen uptakes achieved by elite rowers on the arm/leg cycle
ergometer be shown to be similar to that achieved by them during rowing, it would
then be necessary to demonstrate that the peak power output attained during a
progressive test on the arm/leg ergometer correlates well with V02 max.

If this

relationship can be shown, then the measurement of peak power output on the
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arm/leg ergometer will be established as a valid means for indirectly assessing
maximal oxygen uptake attainable during rowing. With respect to novice rowers, peak
power output attained on the arm/leg ergometer should give an indication of the
maximal oxygen uptakes that these individuals could reach as oarspersons once
appropriate specific muscular development had taken place.

3.3.2 PURPOSE OF THE EXPERIMENT
The purpose of the third experiment was to:
a. determine if maximal oxygen uptake achieved by elite rowers on the arm/leg
ergometer is similar to that attained during rowing ergometry;
b. establish the relationship between maximal oxygen uptake and peak power
output in elite rowers performing on the arm/leg cycle ergometer.

3.3.3 HYPOTHESIS 3
It is hypothesised that:
a.

maximal oxygen uptake achieved by elite rowers on the arm/leg cycle

ergometer would be similar to that attained on the rowing ergometer;
b. elite rowers would demonstrate a high correlation between maximal oxygen
uptake and peak power output (watts) on the arm/leg cycle.

3.3.4

DELIMITATIONS, LIMITATIONS, SUBJECTS AND ANTHROPOMETRIC

MEASUREMENTS
As the subjects used in this experiment were the same as those in the first
investigation (3.1.6.1) the delimitations and the limitations for this experiment are
similar to those listed in 3.1.4 and 3.1.5 respectively. Similarly, anthropometric data

59

for this group of subjects have already been presented (see 3.1.6.2 for procedures
and Table 3.1.7.1 for results).

3.3.5 METHODOLOGY
3.3.5.1 Oxygen Uptake and Power Output Measurements
To determine aerobic power on the arm/leg ergometer all subjects undertook a
progressive test to exhaustion. Power outputs were displayed to the subject using a
Exertech work monitor unit. The initial workload was 50w and increased by 25w every
minute until volitional exhaustion was reached or the subject was unable to maintain
the specified workload. The work monitor unit observed by the subjects was found to
be too inaccurate when used to monitor power output over short periods of time.
Consequently, the number of wheel revolutions was recorded every 30 seconds using
a second work monitor constructed by Australian Institute of Sport technicians. The
average power output for each 30 second period was calculated using this data. The
largest two consecutive 30 second periods was averaged and this figure recorded as
the individual’s peak watts attained during the test.

Pulmonary ventilation, oxygen

uptake, carbon dioxide output, respiratory exchange ratio and heart rate were recorded
using the same methods and equipment described in the first experiment (3.1.6.3).
To determine maximal oxygen uptake on the rowing machine the results from
Experiment One were used (Table 3.1.7.2).

This was possible as the subjects

employed in this study were the same elite female rowers used in the first experiment
and the testing for both studies carried out within a one week period.
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3.3.5.2 Submaximal Data Analysis
To assess the value of employing a submaximal test to determine aerobic power in
elite rowers the relationship between a designated submaximal workload and the
maximal oxygen uptake recorded by the subjects was determined.
The submaximal workload was identified using the method outlined by Telford et
al. (1987). A predicted maximal heart rate was calculated for each subject using the
formula, 220 less the subjects age. The predicted maximal heart rate was multiplied
by 0.75 to give a submaximal target heart rate for all subjects. From the submaximal
data recorded during the progressive test, the workload (watts) corresponding to the
submaximal target heart rate was identified. The correlation between this workload
and the maximal oxygen uptake attained during the progressive test by the subjects
was then determined through statistical analysis.

Figure 3 Testing on the arm/leg cycle ergometer
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3.3.5.3 Statistical Methods
Statistical manipulation of the results were identical to those outlined in the first
experiment (see 3.1.6.4) with one addition. Differences between means were tested
using S tudents t-test for dependent samples (Rothstein, 1985).

3.3.6 RESULTS
Maximal oxygen uptake and the highest 60 second power output (peak watts) attained
during the progressive test to exhaustion are displayed in Table 3.3.6.1.

Table 3.3.6.1 Maximal oxygen uptake and the highest 60 second power output
(peak watts) attained by fourteen elite oarswomen during a progressive test on
the arm/leg cycle ergometer
SUBJECTS

MAXIMAL OXYGEN UPTAKE
(L m in '1)

TOTAL WATTS
(watts)

DB
KD
CJ
MK
MM
GM
SN
CP
BS
FS
CS
FW
EW
AW

4.43
4.06
3.80
3.48
3.29
3.47
3.67
3.60
3.55
3.70
3.69
3.54
3.36
4.04

377
364
335
307
273
343
346
346
353
348
341
320
300
419

mean values

3.69

341

standard deviation

0.31

35

Correlation co-efficient:
Regression equation:

r = 0.78

(n=14, p<0.01)

y = 10.41 + 89.52x

The mean maximal oxygen uptake for the 14 subjects was 3.69 L.min"1'

A high
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correlation (r=0.78) was established between maximal oxygen uptake and average
watts recorded during the progressive test (Table 3.3.6.1 ). This relationship was found
to be highly significant (p<0.01).
Table 3.3.6.2 displays a synthesis of the findings from this and the first experiment
(Table 3.1.6.2). The average maximal oxygen uptake and the peak average watts
achieved by the subjects in the progressive test on the arm/leg ergometer and the
seven minute test on the rowing ergometer (Experiment 1) are displayed. Correlation
coefficients between maximal oxygen uptake determined by the arm/leg ergometer and
that attained on the rowing ergometer and between the average and peak watts
achieved by these two methods are also shown.

Table 3.3.6.2 Average maximal oxygen uptake and average watts attained by
fourteen elite oarswomen during a progressive test on the arm/leg cycle
ergometer and a seven-minute simulated race on the rowing ergometer
MAXIMAL OXYGEN
UPTAKE
(Lamin'1, n=14)

WORK OUPPUT

arm/leg
ergometer

3.69

341

rowing
ergometer

3.60

228

correlation
coefficient

0.88 (p<0.01)

0.61 (p<0.05)

t(13)= -2.02; p<0.1)

inappropriate
to calculate

t-test

(Watts, n=14)

(see Appendix C for raw data)
* The intermittent nature of the rowing action makes it impossible to compare watts
achieved on this apparatus with that recorded on the arm/leg ergometer which has a
continuous work action.
The mean maximal oxygen uptake recorded by the oarswomen on the arm/leg
ergometer was marginally higher than that achieved on the rowing ergometer
63

(0.09 L.min 1, see Table 3.3.6.2) but the difference was not significant (t(13)=-2.02;
p<.01). The correlation between maximal oxygen uptake attained by the subjects on
the arm/leg and rowing ergometer was r=0.88.

This relationship was found to be

stastically significant (n=14, p<.01).
Table 3,3.6.3 displays the maximal oxygen uptake and submaximal workloads
necessary to elicit a target heart rate (as determined by 220 - age, see Telford et al.
1987) when performing a progressive test on the arm/leg cycle ergometer.
The correlation between maximal oxygen uptake and the submaximal workloads
was r = 0.78 which was found to be significant (n=14; p<0.01).

Table 3.3.6.3 Maximal oxygen uptake and submaximal workloads attained by
fourteen elite oarswomen during a progressive test on the arm/leg cycle
ergometer

SUBJECTS

MAXIMAL OXYGEN UPTAKE
(L.min'1)

TOTAL WATTS
(watts)

DB
KD
CJ
MK
MM
GM
SN
CP
BS
FS
CS
FW
EW
AW

4.43
4.06
3.80
3.48
3.29
3.47
3.67
3.60
3.55
3.70
3.69
3.54
3.36
4.04

177
194
122
120
108
83
99
139
86
140
114
125
120
171

3.60

128

mean values

Correlation co-efficient:

r = 0.78

(n=14, p<0.01)
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3.3.7 DISCUSSION
The similar average maximal oxygen uptakes achieved by the subjects on arm/leg
cycle and the rowing ergometer (see Table 3.3.6.2) and the firm relationship between
maximal oxygen uptake recorded on both ergometers (r=0.78) demonstrates that
either technique may be used to assess aerobic power in elite oarswomen.

It is

interesting to note that Bouchaert et al. (1983) found a substantially higher correlation
(r=0.94) than that found in this study (r=0.78) between maximal oxygen uptake
attained by well trained oarsmen on the cycle ergometer and that achieved by them
on the rowing ergometer.

This may have been due to the difference in cycle

ergometers used in the two studies. In Bouchaert et al.’s study a cycle ergometer was
used as the testing apparatus whereas this study utilised the arm/leg cycle ergometer
for the reasons described in 3.3.1.
The strong relationship exhibited between maximal oxygen uptake and peak watts
on the arm/leg cycle ergometer (r=0.78) demonstrates that peak watts attained on the
arm/leg ergometer can be used successfully to give an indication of aerobic power in
elite female rowers. As both the rowing and the arm/leg cycle ergometer can be used
to give a reasonable indication of aerobic power in rowers, the highest 60 second
power output (average watts) recorded on the arm/leg cycle ergometer can be
employed to provide an indirect means to assess aerobic power in elite oarswomen.
The correlation between maximal oxygen uptake and peak watts attained on the
arm/leg cycle ergometer (r=0.78) was slightly lower than that reported between the
same characteristics on the rowing ergometer (r=0.89). This finding is not unexpected
and supports the concept of training specificity.
The analysis of submaximal data showed an identical correlation between
maximal oxygen uptake and submaximal workloads as that found between V02 max
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and average watts.

This suggests that a submaximal test on the arm/leg cycle

ergometer would be just as accurate in assessing aerobic power in elite rowers as the
progressive test to exhaustion employed in this study. This is contrary to the findings
of Astrand and Rodahl (1986) who suggested that a more accurate indication of
maximal oxygen uptake would be gained through a test to voluntary exhaustion.
3.3.8 CONCLUSION
The findings of this experiment support both parts of Hypothesis 3.

The similar

average maximal oxygen uptakes attained by the subjects on the arm/leg and rowing
ergometers and the high correlation exhibited between maximal oxygen uptake
achieved on these two ergometers suggest that both types of apparatus can be used
give a reasonable indication of aerobic power in elite oarswomen. Further, the strong
relationship demonstrated between maximal oxygen uptake and peak watts on the
arm/leg cycle indicates that peak watt scores attained on this apparatus can; be used
as a valid means of indirectly assessing maximal oxygen uptake attainable on the
rowing ergometer by elite oarswomen. However, these results cannot necessarily be
applied to novice rowers. The movement patterns required to work efficiently on the
arm/leg cycle ergometer may not allow novice rowers to demonstrate their full potential
on this apparatus. Consequently, the relationship between maximal oxygen uptake and
peak watts achieved by novice rowers on the arm/leg cycle ergometer must be
established before such a test can be incorporated into a field test to identify potential
rowers. If a strong relationship can be established between maximal oxygen uptake
and peak watts achieved by novice rowers on the arm/leg cycle ergometer, peak watt
scores attained on this apparatus should provide a reliable indication of the maximal
oxygen uptake that could be achieved once appropriate specific muscular development
has taken place.
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3.4

EXPERIMENT FOUR:

VALIDITY OF THE USE OF THE ARM/LEG CYCLE

ERGOMETER TO ASSESS PHYSIOLOGICAL PERFORMANCE CAPACITY OF
NOVICE ROWERS

3.4.1 INTRODUCTION
The positive findings in experiment three suggest that the arm/leg cycle can be used
as a valid means of assessing aerobic power in elite rowers. Additionally, the strong
relationship between maximal oxygen uptake peak power output attained on the
arm/leg cycle ergometer support the use of the latter scores as a means for indirectly
assessing maximal oxygen uptake in elite rowers. However, these findings can only
be applied to the studied populations (athletes of elite or ‘national’ standard). It cannot
be assumed that an accurate indication of aerobic power can be calculated from peak
power output scores attained by novice rowers during an identical test on the arm/leg
cycle ergometer.

Further research is needed to determine the strength of the

relationship between maximal oxygen uptake and peak power output when novice
rowers perform a progressive test to exhaustion on the arm/leg cycle ergometer.
If a similar correlation co-efficient between V02 max and peak power output is
exhibited by novice rowers to those demonstrated by elite rowers, power output
attained on the arm/leg ergometer can be used as an appropriate field test to
determine aerobic power in potential rowers.

3.4.2 PURPOSE OF THE EXPERIMENT
The purpose of the fourth experiment was to determine the extent of the relationship
between peak power output and maximal oxygen uptake values exhibited by novice
rowers during a progressive test to exhaustion on the arm/leg cycle ergometer.
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3.4.3 HYPOTHESIS 4
It is hypothesised that novice rowers will demonstrate a high correlation between
maximal oxygen uptake and peak power output on the arm/leg cycle ergometer.

3.3.4 LIMITATIONS, SUBJECTS AND ANTHROPOMETRIC MEASUREMENTS
As the subjects used in this experiment were the same as those in the second
investigation (3.2.6.1) the delimitations and limitations for this experiment are similar
to those listed in 3.2.4. and 3.2.5 respectively. Similarly, anthropometric data for this
group of subjects have already been presented (see 3.2.6.2 for procedures and Table
3.2.7.1 for anthropometric results)

3.4.5

METHODOLOGY

3.4.5.1 Oxygen Uptake and Power Output Measurements
To determine aerobic power and peak power the novice subjects completed a
progressive test to exhaustion on the arm/leg cycle ergometer identical to that
performed by the elite rowers in the third experiment (see 3.3.5.1). The only alteration
in procedure was the initial starting workload which was set at 100 watts for the novice
oarsmen (not 50 watts as was the case with the elite oarswomen).
Pulmonary ventilation, oxygen uptake, carbon dioxide output, respiratory exchange
ratio and heart rate were recorded using the same methods and equipment described
in the first experiment (3.1.6.3).
3.4.5.2 Submaximal Data Analysis
The value of assessing aerobic capacity in novice subjects through a submaximal test
on the arm/leg cycle ergometer was determined using the same methods employed
in Experiment 3 (see 3.3.5.2).
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3.4.5.3 Mechanical Efficiency Analysis
The mechanical efficiency of each novice rower performing at three submaximal
workloads (150, 175 and 200 watts) on the arm/leg cycle ergometer and the rowing
ergometer (see Chapter 3.2) was calculated from submaximal data recorded during
the progresive tests conducted on each ergometer. An average figure of mechanical
efficiency was then calculated from the three workloads.
3.4.5.4 Statistical Methods
Statistical manipulations of the results were identical to those outlined in the third
experiment (3.3.5.3).
Due to a mechanical fault with the ventilometer the physiological data for one
subject were not measured.

As a result statistical calculations employed when

analysing physiological data were conducted on results recorded on the remaining 13
subjects.

..

In the assessment of submaximal data, heart rates for two of the subjects were
excluded due to electrodes lifting off their respective anatomical sites during the test.
As a result, these two subjects along with the one mentioned above were excluded
from all submaximal statistical calculations. The data of a further subject had to be
omitted when the initial workload in the progressive test elicited a heart rate above
pre-determined target heart rate at which the submaximal workloads were selected.
Therefore, the statistical calculations conducted on submaximal data were performed
on results drawn from the remaining 10 subjects.
3.4.6 RESULTS
Table 3.4.6.1 displays the maximal oxygen uptake and the highest 60 second power
output (peak watts) attained by the novice subjects during the progressive on the
arm/leg cycle ergometer.
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Table 3.4.6.1 Maximal oxygen uptake and highest 60 second power output
(peak watts) attained by novice oarsmen during a progressive test on the
arm/leg cycle ergometer
SUBJECTS

MAXIMAL OXYGEN UPTAKE
(L.min'1)

PEAK WATTS
(watts)

GA
TA
MB
TC
JD
SF
MH
GH
SK
ML
GM
DM
JP
AS

5.04
4.66
4.10
4.76
3.79
5.21
4.96
4.21
4.93
4.02
4.79
5.25
4.04

447
417
365
420
324
413
420
378
433
329
392
463
353
374

4.60

395

-

mean values
Correlation co-efficient:
Regression equation

r = 0.91
:

(n=13, p<0.01)

y = 39.34 + 78.01 x

A highly significant correlation (r=0.91) was found to exist between the maximal
oxygen uptake and peak watts attained by the novice subjects when performing a
progressive test on the arm/leg cycle ergometer. The regression equation for this
relationship was calculated as y = 39.34 + 78.01 x.
A comparison of the mean maximal oxygen uptake and peak watts attained by the
subjects during the progressive test on the rowing ergometer (see Table 3.2.6.2) and
the arm/leg cycle ergometer (see Table 3.4.6.1) are displayed in Table 3.4.6.2.
Mean maximal oxygen uptake attained on the arm/leg cycle ergometer was found
to be 0.16 L.min"1 greater than that achieved on the rowing ergometer.

This

difference was significant (t (12)=-5.89; p>0.01).
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A strong relationship was found to exist between maximal oxygen uptake recorded
on the rowing ergometer and that achieved on the arm/leg cycle ergometer (r=0.88;
p<0.01).
Table 3.4.6.3 displays the maximal oxygen uptake and submaximal workloads
necessary to elicit a heart rate of 75 per cent of the subjects predicted maximal heart
rate when performing a progressive test on the arm/leg cycle ergometer.
No correlation (r=-0.05) was found to exist between maximal oxygen uptake and
submaximal average watts attained by the novice subjects performing a progressive
test on the arm/leg cycle ergometer.
The average mechanical efficiency exhibited by the novice rowers at three
submaximal workloads during the progressive test on the arm/leg cycle and rowing
ergometer are displayed in Table 3.4.6.4.
Table 3.4.6.2 Average maximal oxygen uptake and highest 60 second power
output (peak watts) attained by novice oarsmen during a progressive test on
the arm/leg cycle and rowing ergometer
MAXIMAL OXYGEN
UPTAKE
(Lm in-1, n=13)

PEAK WATTS

arm/leg cycle
ergometer

4.60

395

rowing
ergometer

4.44

320

correlation
coefficient

0.88 (p<0.01)

0.28 (p>0.05)

t(12)= -5.89; p<0.1)

inappropriate
to calculate

t-test

(Watts, n=14)

(see Appendix C for raw data)
* The intermittent nature of the rowing action makes it impossible to compare watts
achieved on this apparatus with that recorded on the arm/leg ergometer which has a
continuous work action.
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Table 3.4.6.3 Maximal oxygen uptake and submaximal workloads attained by
ten novice oarsmen during a progressive test on the arm/leg cycle ergometer

SUBJECTS

MAXIMAL OXYGEN UPTAKE
(L.m irf1)

AVERAGE WATTS

GA
TA
MB
TC
SF
MH
SK
GM
DM
AS

5.04
4.66
4.10
4.76
5.21
4.96
4.93
4.79
5.25
4.04

148
149
164
214
157
159
176
161
130
141

4.60

159.9

mean values
Correlation co-efficient:

r = -0.05

(n=10, p>0.05)

Table 3.4.6.4 Average mechanical efficiency for three submaximal workloads
(150, 175, and 200 watts) recorded by novice rowers during a progressive test
on the arm/leg cycle ergometer and the rowing ergometer.
MECHANICAL EFFICIENCY (%)

SUBJECTS

Arm/leg cycle
ergometer

Rowing
ergometer

GA
TA
MB
TC
JD
SF
MH
GH
SK
ML
GM
DM
AS

20.83
20.06
22.08
21.89
22.57
20.94
21.61
22.12
22.05
21.83
20.09
21.54
22.81

19.19
17.77
18.19
17.78
16.86
16.69
20.10
19.07
17.88
19.54
16.89
19.33
19.19

21.57

18.34

0.86

1.13

mean values
standard deviation
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3.4.7 DISCUSSION
The strong relationship demonstrated by the subjects between maximal oxygen uptake
and peak watts attained during a progressive test on the arm/leg cycle ergometer
(r=0.91) suggests that peak watt scores can be used to provide an accurate estimation
of aerobic power in novice rowers. This finding supports the use of peak watt scores
attained on the arm/leg ergometer as an indirect means of assessing aerobic power
in novice rowers.
It is interesting to note that a significant difference existed between the maximal
oxygen uptake achieved by the novice rowers on the rowing ergometer and the
arm/leg cycle ergometer. This is in line with the findings of Experiment 2 where it was
thought that technical limitations experienced when performing on a rowing ergometer
max result in muscular fatigue limiting performance and not aerobic capacity. Novice
subjects did record slightly higher mean V02 max when tested on the arm/leg cycle
ergometer (0.16 L.m in'1) in comparison with that achieved by them on a rowing
ergometer. This is in line with the findings of Bouckaert et al. (1983) who found that
well-trained individuals who were unfamiliar with the rowing action

reported

significantly higher V02 max when tested on the cycle ergometer than on the rowing
ergometer.
The low correlation exhibited between maximal oxygen uptake and the submaximal
work load eliciting a heart rate 75 per cent of the subject’s predicted maximal heart
rate (see Table 3.4.6.3) indicates that a submaximal test is not a reliable alternative
to the progressive test when assessing aerobic power in novice rowers. These results
are strikingly different to those obtained from elite rowers (see Table 3.3.6.3) where
a submaximal test was found to be just as accurate in assessing aerobic power as
was the progressive test to exhaustion. No apparent explanation can be offered for
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this finding.
Significantly larger variations in mechanical efficiency were exhibited by the novice
rowers undertaking a progressive test on the rowing ergometer than found when the
same rowers performed a similar test on the arm/leg cycle ergometer (see Table
3.4.6.4). The standard deviation for the group of novice rowers performing on the
rowing ergometer (1.13 per cent) was over six percent of the mean mechanical
efficiency. The standard deviation for the group of novice rowers performing on the
arm/leg cycle ergometer (0.86 per cent) was only four percent of the mean mechanical
efficiency. This finding supports the speculation discussed in Chapter 3.2 that the
poor correlation between average watts and maximal oxygen uptake displayed by the
novice rowers during a progressive test on the rowing ergometer was due to variations
in mechanical efficiency. The arm/leg cycle ergometer appears to be a more suitable
apparatus with which to assess aerobic power in novice rowers than the rowing
ergometer as the simple movement patterns used when working on this apparatus
result in less variation in mechanical efficiency.
The higher mechanical efficiency displayed by the novice rowers on the arm/leg
cycle ergometer when compared to the mechanical efficiency exhibited during rowing
ergometry supports the findings of other researchers who have noted that mechanical
efficiency on cycle ergometers is somewhat higher than that exhibited on the rowing
ergometer (Bouckaert et al.f 1983 and Telford, 1982).

3.4.8 CONCLUSION
Novice rowers demonstrated high correlations between maximal oxygen uptake and
peak watts on the arm/leg cycle ergometer supporting Hypothesis 4. These findings
demonstrate that peak watt scores attained during a progressive test on the arm/leg
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cycle ergometer should give an accurate indication of the maximal aerobic power that
young people with little or no rowing experience may eventually achieve on a rowing
ergometer after appropriate sport-specific training.

3.5 SYNTHESIS OF RESULTS FROM EXPERIMENT 1 TO 4
The findings of Experiment 1 demonstrated that average watts recorded by elite
rowers on the rowing ergometer can be used as an accurate means of assessing
aerobic power without the use of sophisticated expired air analysis.

However, this

finding could not necessarily be applied to novice rowers. As a result, it was decided
to repeat the experiment using novice rowers to determine if average watts achieved
on the rowing ergometer could be used to give an accurate indication of aerobic power
in this population also.
The results from Experiment 2 displayed a very weak relationship between
maximal oxygen uptake and average watts when novice rowers performed a similar
test on the rowing ergometer. This was thought to be due to the complex movement
patterns required to work efficiently on the rowing ergometer.

As a result, the

progressive test on the rowing ergometer was found unsuitable for field testing aerobic
power in large numbers of potential rowers. Thus, another apparatus for field testing
was sought which was less affected by variations in mechanical efficiency.
The arm/leg cycle ergometer was selected as a possible alternative means of
assessing aerobic power in potential rowers because of its simplicity of movement,
involvement of both upper and lower body musculature and its weight-bearing nature.
This apparatus was then tested in Experiment 3 to see firstly, if maximal oxygen
uptake achieved by elite rowers on the arm/leg cycle ergometer was similar to that
attained on the rowing ergometer in Experiment 1 and secondly, if peak watts attained
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on this apparatus correlated well with V02 max.
The findings of Experiment 3 revealed no significant difference between the
maximal oxygen uptake attained by elite oarswomen on the rowing ergometer and that
achieved on the arm/leg cycle ergometer.

Furthermore, a strong relationship was

exhibited between maximal oxygen uptake and peak watts attained by the elite
oarswomen on the arm/leg cycle ergometer. Consequently, it was concluded that
peak watt scores attained by elite oarswomen during a progressive test on the arm/leg
ergometer could be used as a means of indirectly assessing sport-specific aerobic
power in these athletes.

However, for these findings to be transfered to novice

rowers, a strong relationship needed to be demonstrated between maximal oxygen
uptake and peak watts attained by this population when performing a progressive test
on the arm/leg cycle ergometer. This was tested in Experiment 4.
The results of Experiment 4 confirmed that a strong relationship did exist between
maximal oxygen uptake and peak power output when novice rowers performed a
progressive test on the arm/leg ergometer. Further, maximal oxygen uptake attained
by the novice oarsmen when tested on the arm/leg cycle ergometer was slightly higher
than that achieved when tested on the rowing ergometer. These findings supported
the use of peak watt scores attained on the arm/leg ergometer as an indirect
assessment of aerobic power in young people with little or no rowing experience. The
peak watts attained by novice oarsmen performing a progressive test on the arm/leg
cycle ergometer should give a reasonable indication of the aerobic power these rowers
might eventually realise given the appropriate specific muscular development.
Having identified an appropriate test to measure aerobic power in Chapter 3,
Chapter 4 will discuss the identification of a test to assess anaerobic capability in
rowers.
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CHAPTER 4
DEVELOPING A FIELD TEST TO ASSESS ANAEROBIC CAPABILITY

4.1 INTRODUCTION
As previously discussed (see 2.4.3.2) no means of accurately measuring the anaerobic
capacity of athletes has yet been developed.

However, by monitoring work output

during as little as 10 seconds of supra-maximal effort on the cycle ergometer an
approximate indication of anaerobic power can be attained (Astrand and Rodahl, 1986;
Telford, 1987). Although such tests are considered a suitable means of estimating
anaerobic capability in athletes, the use of the cycle ergometer to indicate anaerobic
capability in rowers does not consider the specific nature of the rowing action. As a
result, Hahn et al. (1988) have suggested that a more suitable means of assessing
anaerobic capability in rowers would be to measure work output attained during a one
minute supra-maximal test on the rowing ergometer.
Although the one minute test on the rowing ergometer may provide greater
sensitivity in detecting changes in anaerobic ability between elite oarsmen, it is
questionable whether the same can be said when assessing anaerobic capability in
novice rowers. Findings from the first four experiments identified difficulties associated
with employing average watt scores achieved by novice rowers on the rowing
ergometer as a means of assessing maximal oxygen uptake.

This was largely

attributed to the specific movement patterns required to perform to one’s potential on
such an apparatus. The poor relationship between the maximal oxygen uptakes and
average watts achieved by novice rowers on the rowing machine was presumed to be
the result of their lack of skill. When a similar test on the arm/leg cycle ergometer was
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performed, a high correlation was found between these variables, probably due to the
higher mechanical efficiency and less complex movement patterns demanded by the
apparatus.
Consequently, a short duration supra-maximal test on the arm/leg cycle ergometer
may provide a more accurate indication of anaerobic capability when testing novice
rowers than the one minute rowing ergometer test may be influenced by prior rowing
experience.

Thus the validity of the 15 second supra-maximal test must first be

determined with elite rowers before it can be incorporated into a field test to assess
anaerobic capability in potential rowers.
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4.2 EXPERIMENT FIVE: VALIDITY OF THE 15 SECOND SUPRA-MAXIMAL TEST
PERFORMED ON AN ARM/LEG ERGOMETER TO ASSESS THE ANAEROBIC
CAPABILITY OF ELITE AND NOVICE ROWERS.

4.2.1 PURPOSE OF THE EXPERIMENT
The purpose of the fifth experiment is to determine the relationship between work
output attained during one minute of supra-maximal effort on the rowing ergometer
and that achieved during 15 seconds of supra-maximal effort on the arm/leg cycle
ergometer in both elite and novice rowers.

4.2.2 HYPOTHESIS 5
It is hypothesised that:
a.

elite rowers will exhibit a high correlation between work output-attained

during one minute of supra-maximal effort on the rowing ergometer and 15
seconds of supra-maximal effort on the arm/leg cycle ergometer;
b. novice rowers will exhibit a low correlation between work output attained
during one minute of supra-maximal effort on the rowing ergometer and 15
seconds of supra-maximal effort on the arm/leg cycle ergometer.

4.2.3 DELIMITATIONS AND LIMITATIONS OF THE STUDY
The delimitations and limitations of this study were similar to those outlined in 3.1.4.
and 3.1.5 respectively. One additional limitation was the difference in the sample of
elite oarswomen. It was not possible to obtain the same rowers for this experiment.
Only six oarswomen who had previously been tested in Experiment 1 were available
so an additional seven rowers were recruited.
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4.2.4 METHODOLOGY
4.2.4.1 Subjects
The elite group of rowers comprised of 13 females who were either scholarship
holders at the Australian Institute of Sport or first grade rowers from clubs in the
Australian Capital Territory.
standard.

All females were actively training and of first grade

Ten of the women had been selected in national teams representing

Australia at Junior, Senior B (under 23) or Senior level.
The novice group of rowers were the same subjects employed in the second and
fourth experiments (see 3.2.6.1).

4.2.4.2 Anthropometric Measurements
Anthropometric measurements of height, weight and skinfold thicknesses were
collected on all subjects using the methods outlined in 3.1.6.2 and 3.2.6.2 forelite and
novice oarspersons respectively.

4.2.4.3 Anaerobic Capability Measurements
All subjects performed a one-minute supra-maximal test on the Concept 11 rowing
ergometer and a 15 second supra-maximal effort on the arm/leg cycle ergometer. The
elite female rowers were tested with the rowing ergometer set on the small gear (large
cog) and the wind damper fully closed. The novice male rowers were tested with the
rowing ergometer set on the large gear (small cog) with the vent fully open. Work
output was calculated by recording the total distance covered (in metres) at the
completion of the minute from a digital display supplied with the ergometer.

The

formula used to calculate the distance covered is not provided by the manufacturer,
but it takes into account the number of flywheel revolutions completed and the
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relationship between the surface area of the flywheel and the magnitude of air
resistance to its movement. Electronic monitoring of the rate of flywheel deceleration
between strokes permits an automatic adjustment to be made for the effects of air
temperature and pressure.
To assess work output on the arm/leg cycle ergometer the number of wheel
revolutions were recorded every three seconds in the case of the novice oarsmen and
every second for the elite oarswomen, using a work monitor constructed by the
Australian Institute of Sport technicians.

The difference in collection sample time

between the novice and elite rowers was due to the availability of a more elaborate
recording apparatus when the elite oarswomen were tested.

Work output was

calculated from the total number of revolutions achieved during the test. These figures
were converted into a wattage and then expressed in joules of work completed over
the period of the test (watts = joules per second).

4.2.4.4 Statistical Methods
A correlation coefficient (Pearsons Product Moment) was used to calculate the
strength of the relationships between work output and peak work attained during the
one minute test on the rowing ergometer and the 15 second test on the arm/leg
ergometer.

4.2.5 RESULTS
Anthropometric data for the elite female rowers is displayed in Table 4.2.5.1.
Table 4.2.5.2 details the total work output attained by the elite female rowers
performing the one-minute rowing test and the 15-second arm/leg ergometer test. A
significant correlation was found to exist between the total work output achieved on
the two ergometers (r=0.82, p<0.01).
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Table 4.2.5.1 Mean age, height, body weight and skinfold thicknesses in a
group of 13 elite female rowers
AGE
(years)

HEIGHT
(cm)

BODY WEIGHT
(kg)

SKINFOLD SUM
(mm)

21.4

180.1

73.6

92.7

(18-29)

(174-189.4)

(67.1-80.0)

(73.0-110.7)

(Note: Figures in brackets show the range)

Table 4.2.5.2 Total work output attained by thirteen elite oarswomen during
one minute of supra-maximal effort on the rowing ergometer and fifteen
seconds of supra-maximal effort on the arm/leg cycle ergometer
TOTAL WORK OUTPUT
SUBJECTS

Rowing ergometer
(meters in 1 min)

Arm/leg ergometer
(KJ work in 15 sec)

DB
AC
KD
JD
CJ
JL
AM
GR
BS
KS
FS
CS
SS

320
332
330
328
310
314
316
314
325
315
305
311
282

11.2
13.6
12.8
11.7
10.9
10.8
12.2
10.8
12.4
10.0
10.2
10.8
9.6

Correlation co-efficient:

r = 0.82

^

(n=13; p<0.01)

Table 4.2.5.3 exhibits the total work output attained by novice oarsmen during the
one-minute test on the rowing ergometer and the 15-second test on the arm/leg cycle
ergometer.

A significant correlation was found to exist between the work output

achieved by the novice rowers on the two ergometers (r=0.81, p<0.01).
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Table 4.2.5.3 Total work output attained by fourteen novice oarsmen during
one minute of supra-maximal effort on the rowing ergometer and fifteen
seconds of supra-maximal effort on the arm/leg cycle ergometer
TOTAL WORK OUTPUT
SUBJECTS

Rowing ergometer
(meters in 1 min)

Arm/leg ergometer
(KJ work in 15 sec)

GA
TA
MB
TC
JD
SF
MH
GH
SK
ML
GM
DM
JP
AS

344
353
282
336
315
335
340
338
338
331
330
335
340
328

11.35
9.81
5.86
11.02
7.96
8.98
10.12
9.84
8.71
9.02
10.45
9.18
10.95
10.03

Correlation co-efficient:

r = 0.81

(n=14; p<0.01)

4.2.6 DISCUSSION
The high correlation between total work output attained by elite and novice rowers
(r=0.82 and r=0.81 respectively) during a one-minute supra-maximal effort on the
rowing ergometer and a 15-second supra-maximal effort on the arm/leg cycle
ergometer demonstrates that both ergometer tests can be used to give a reliable
indication of anaerobic capability. These results support the use of total work output
scores attained on the arm/leg ergometer as a means of indirectly assessing
anaerobic capability in young people with little or no rowing experience.
The strong relationship between the total work output attained by novice rowers
performing the anaerobic test on the rowing ergometer and the arm/leg ergometer was
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not hypothesised in the introduction. The result suggests that the rowing ergometer
could be used to assess the anaerobic capability of novice rowers.

It seems that

mechanical efficiency does not influence the total work output achieved by novice
oarsmen during a short duration supra-maximal test on the rowing ergometer to the
same degree as was exhibited when they performed a progressive test to exhaustion
on this ergometer (see 3.2.7). This result would be expected by reasoning from first
principles as mechanical efficiency will play a much greater role on performance during
a progressive test to exhaustion (approximately fifteen minutes in duration) than it will
in a one-minute test.
Although the rowing ergometer could be used, the arm/leg ergometer has
demonstrated equal validity in assessing anaerobic capability in novice rowers. As this
ergometer is preferable for the aerobic tests, it would be advantageous to use the
arm/leg ergometer for anaerobic testing also.

This would remove the need for a

second testing apparatus, conserving costs and preparation time while enhancing the
portability and hence, the acceptability of the field test.

4.2.7 CONCLUSION
The high correlation between total work output attained by elite oarswomen when
performing a one-minute test and a 15-second test on the rowing and the arm/leg
cycle ergometers respectively, supports the first part of Hypothesis 5. However, the
high correlation exhibited between total work output achieved by novice rowers
performing identical ergometer tests is contrary to the second part of Hypothesis 5.
The findings of this experiment demonstrate that work output scores attained
during supra-maximal effort on the rowing ergometer and those achieved on the
arm/leg cycle ergometer correlate highly, and that either apparatus can be employed
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to give a valid indication of anaerobic capability in elite and novice rowers. However,
as the arm/leg cycle ergometer has been shown to be the more suitable apparatus for
assessing aerobic power in large numbers of potential rowers (see 3.5), it would seem
more practical to assess anaerobic capability with this apparatus also.

85

4.3 A FIELD TEST TO IDENTIFY POTENTIAL ROWERS

4.3.1 INTRODUCTION
The extensive review of the literature carried out in Chapter 2 found that a field test
to identify pptential rowers must address health, genetic and biometric qualities of
each subjects tested.

It was thought that a suitable indication of the health and

genetic background of each subjects could be gained through a questionnaire such
as that displayed in Appendix A. To assess the biometric qualities of potential rowers
specific physical and physiological characteristics typical of international standard
rowers were identified. The assessment of the physical characteristics in a field test
setting (height, weight, body fat, arm length and leg length) posed no obvious
difficulties having well-established protocols (see 2.4.2). However, the assessment of
physiological characteristics exhibited by successful rowers (high aerobic power and
anaerobic capacity) proved to be more complex (see 2.4.3). Chapters 3 and 4 have
suggested the progressive test and the 15-second test on the arm/leg cycle ergometer
to be simple and affective means of assessing aerobic power and anaerobic capability
in large numbers of potential rowers.
The selected physical and physiological tests can now be incorporated into a field
test capable of identifying young people with natural potential for rowing. To further
refine the field test it is necessary to ascertain whether or not all of the tests selected
to measure physical parameters are essential for inclusion in the field test. This can
be done by constructing a correlation matrix between these physical tests.

High

correlations existing between any two tests may indicate possible duplication of
testing. Measurements of arm span and full reach height were not recorded on the
subjects employed in Chapter 3.

Consequently, the correlation matrices were
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calculated between the remaining five physical parameters selected in the field test
(height, weight, skinfold thickness, sitting height and arm length).

4.3.2

CORRELATION MATRICES AMONG FIVE PHYSICAL COMPONENTS OF

THE FIELD TEST
4.3.2.1

Methods

Correlation coefficients (Pearsons’ Product Moment) were calculated between the
results of five physical parameters (height, weight, skinfold thickness, sitting height and
arm length) recorded by the elite female subjects employed in Experiment 3.1 and the
novice male rowers utilised in the Experiment 3.2.

4.3.2.2 Results
Table 4.3.2.1 displays the correlation coefficients between the physical characteristics
recorded by the elite rowers in Experiment 3.1.
The correlation coefficients between the scores recorded on the fourteen novice
rowers for five physical parameters measured in Experiment 3.2 are displayed in
Table 4.3.2.2.
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Table 4.3.2.1 Correlation matrix calculated between the results of five physical
parameters assessed on fourteen elite female rowers in Experiment 3.1 (note:
confidence level set at p<0.01)

HEIGHT
HEIGHT

*

WEIGHT

WEIGHT

SKINFOLD

SITTING
HEIGHT

ARM
LENGTH

0.61
NS
*

0.44
NS

0.78
S

0.82
S

0.56
NS
*

0.62
NS

0.42
NS

0.27
NS
*

0.2 3
NS

SKINFOLD
SITTING
HEIGHT
ARM
LENGTH

0.47
NS
*

Table 4.3.2.2 Correlation matrix calculated between the results of five physical
assessed on fourteen novice male rowers in Experiment 3.2 (note: confidence
levels set at p<0.01)

HEIGHT
WEIGHT
SKINFOLD
SITTING
HEIGHT
ARM
LENGTH

HEIGHT

WEIGHT

SKINFOLD

SITTING
HEIGHT

ARM
LENGTH

*

0.49
NS

0.31
NS

0.19
NS

0.76
S

*

0.73
S

0.61
NS

0.38
NS

*

0.64
NS

-0.03
NS

*

0.04
NS
*
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4.3.2.3 Discussion
Two correlations in Table 4.3.2.1 were statistically significant, the relationship between
height and arm length, and that between height and sitting height (r=0.82 and 0.78
respectively).

Although these relationships may be considered reasonably strong,

closer examination reveals that approximately one third of the variance in recorded
results cannot be accounted for by either of the two parameters measured. Clearly,
variance of this magnitude is too large to allow accurate prediction of one
characteristic from the other. Consequently, the independent determination of height,
sitting height and arm length is prudent when testing elite female rowers.
Two significant correlations were identified between physical measurements
exhibited by the novice rowers in Table 4.3.2.2. These were height and arm length
(r=0.76) and weight and skinfold (r=0.73).

As was the case with the elite female

rowers, these correlations are not high enough to possess good predictive power.
Approximately 30 to 40 per cent of the variance in results between each pair of
measurements remains unaccounted for.

These findings indicate that it is also

important to measure each of the physical parameters independently in novice rowers.

4.3.2.4 Conclusion
The results of this study revealed that the five physical parameters used in the
correlation matrix each make a significant contribution to the testing battery for both
elite and novice rowers. No two tests were found to be assessing precisely the same
physical characteristic and as a result all five physical measurements should be
conducted in the field test as duplication of findings was unlikely.
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4.4 SUMMARY
Having developed appropriate techniques for assessing rowing potential in novice
rowers and established that each test contributes in its own right to the testing battery,
the reliability of each technique remains to be demonstrated. Each of the techniques
advocated to measure height, weight, body fat, sitting height, arm length, arm span,
full reach height, aerobic power and anaerobic capacity must be shown to be reliable
before the field test can be presented to the rowing community as a valid method to
identify potential rowers.
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CHAPTER 5
RELIABILITY OF A ROWING SPECIFIC FIELD TEST

5.1 INTRODUCTION
Although the various components of the field test developed in the preceding chapters
have been shown to relate well to the specific requirements of rowing, no attempt has
yet been made to assess the reliability of such tests.

Before the tests can be

considered valid, all procedures utilised in the field test must be capable of registering
consistent findings when the same subjects are tested repeatedly. Furthermore, the
reliability of these procedures must also be shown when different testers are employed
to record data on the same subjects.

In the following study the reliability of the

techniques suggested to obtain physical and physiological measurements will be
determined with the exception of the technique used to obtain skinfold thickness. The
reliability of skinfold measurement techniques has been demonstrated previously in
numerous other studies (see 2.11.2).

5.2 PURPOSE OF THE EXPERIMENT
The purpose of this experiment was to demonstrate the reliability of each of the
procedures employed in the rowing field test with the exception of that used to obtain
skinfold thickness measurements (several studies have already been cited indicating
the reliability of skinfold measures both ‘within’ and ‘between’ testers, see 2.4.2.2).
These procedures comprised the techniques used to assess anthropometric
characteristics of height, weight, sitting height, arm length, arm span and full reach
height, and the techniques employed to measure physiological characteristics of
aerobic power and anaerobic capability.
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5.3 HYPOTHESIS
It is hypothesised that all methodology employed in the field test will demonstrate high
levels of reliability.

5.4 DELIMITATIONS AND LIMITATIONS OF THE EXPERIMENT
As the subjects were not under constant supervision during the 48 hours between the
two testing days, it is assumed that any significant changes in the results are due to
the poor reliability of the testing procedure and not a result of the activities undertaken
by the subjects in the two days.

5.5 METHODOLOGY
5.5.1 Subjects
Both the male and female groups consisted of volunteer year 9 and 10 students from
high schools in the Australian Capital Territory.

5.5.2 Anthropometric Measurements
Anthropometric measurements of height, weight, sitting height, arm length, arm span
and full reach height were obtained on all subjects. These physical characteristics
were assessed using special measuring devices constructed with an emphasis on
simplicity and portability.
Height was measured using a portable stadiometer constructed in such a way that
it could be placed firmly up against a wall (see figure 5.5.2.1). Subjects were asked
to remove their shoes and stand with back to the wall and heels pressed firmly against
the base. Height was measured with the subject’s head in a natural position and eye
line directed horizontally ahead (see 5.5.2.2).
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Weight was measured using a set of beam scales which was calibrated with test
weights before commencing each testing day. Subjects were asked to remove all
excess clothing including their shoes before stepping on to the scales to have their
weight recorded.

Figure 5.5.2.1 Height stadiometer use to assess height and sitting height

Figure 5.5.2.2 Measuring height
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Sitting height was measured using the same stadiometer employed for recording
the subjects standing height (see Figure 5.5.2.1). The subjects were asked to sit with
their lower back pressed firmly against the base of the stadiometer and their feet
extended naturally in front of them (see Figure 5.5.2.3).

The measurement was

recorded with the subject’s sitting ‘tali’ with their hands resting on their thighs and their
eye line directed horizontally ahead.

Figure 5.5.2.3 Measuring sitting height

Arm length was measured from the most lateral aspect of the acromial process to
the lower tip of the third finger (see Figure 5.5.2.4). Subjects were asked to stand
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squarely with their hands by their sides.

They were then asked to extend their

dominant arm down towards the ground keeping fingers together and the wrist and
hand in line with the upper arm while a recorder measured their arm length.

Figure 5.5.2.4 Measuring arm length

Arm span was measured on a board 20cm across and 2.5 meters in length. A
base (20cm by 20cm) was fixed to one of the ends at right angles to the board (see
Figure 5.5.2.5).

The board was marked every centimetre along its length.

To

measure arm span the board was placed flat on the ground and the subject asked to
lie in such a position that the third finger of one hand maintained contact with the base
while the other hand was extended horizontally out along the board. The subject was
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positioned so that left and right shoulder joints aligned with the centre of the board
(see Figure 5.5.2.6). Once positioned the subject was asked to stretch outwards as
far as possible with both arms while keeping one finger in contact with the base. Arm
span was recorded at the widest mark (to the nearest half centimetre).

Figure 5.5.2.5 Measuring board used to assess arm span and full reach height

Full reach height was measured using the same board employed for assessing
arm span. The board was placed vertically against a wall sitting on its base. Subjects
were asked to stand on the base facing the wall with their toes touching the face of
the board and stretch both arms upwards along the board (see Figure 5.5.2.7). The
recorder stood directly behind the subject and noted the highest point reached evenly
by both hands.
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Figure 5.5.2.6 Measuring arm span

Figure 5.5.2.7 Measuring full reach height
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5.5.3 Anaerobic Capability Measurements
To determine anaerobic capability all subjects performed a 15-second supra-maximal
test on the arm/leg cycle ergometer employing the same procedure outlined for the
elite female subjects in Chapter four (see 4.2.4.3).

5.5.4 Aerobic Power Measurements
To determine aerobic power all subjects performed a progressive test to exhaustion
on the arm/leg cycle ergometer. The procedure for this test has already been outlined
in Chapter 3.3.5.1 for females and Chapter 3.4.5.1 for males. The only alterations to
these procedures was that work outputs were displayed for the subjects using a
television monitor positioned directly in front of the cycle and not by the Exertech work
monitor unit used in the earlier experiments.
Two arm/leg ergometers were used in the testing and both were calibrated with
a specialised rig, shortly before use in the schools. The new system for monitoring
workloads provided much greater accuracy than the Exertech work monitor unit.

5.5.5 Procedure
To gain an indication of the reliability of the above tests all subjects underwent the
same physical and physiological measurement on two separate days (T1 and T2).
These testing days were separated by a 48 hour break.
On both T1 and T2 the subjects performed the 15 second anaerobic test before
the progressive test. They were given as much warm-up as they thought necessary,
including two or three ‘practice starts’ to familiarise themselves with the starting
procedure. After completing the 15 second test the subjects had a minimum of ten
minutes rest before undertaking the progressive test. Physical measurements were
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recorded by two researchers at convenient times before and after the two arm/leg
cycle ergometer tests.

5.5.6 Statistical Methods
To test the reliability of the results a correlation coefficient (Pearsons Product Moment)
was used to calculate the relationship between the results attained on day one of
testing and those recorded on the second day (T1 and T2). A Repeated Measures
One Way Analysis of Variance was performed on the scores recorded for each of the
physical and physiological tests completed by the subjects to identify any significant
differences existing between the results T1 and T2. The Repeated Measures One
Way Analysis of Variance was also used to calculate the proportion of total variance
made up of ‘between-subject’ variance. This figure was expressed as a percentage
of total variance and used as an additional indicator of reliability.

-

5.6 RESULTS
Table 5.6.1 displays the correlation coefficients calculated between anthropometric
characteristics recorded by two different testers (A and B) on twenty adolescent
females at T1 and T2. The correlations calculated between results recorded by each
tester on T1 and T2 were used to give an indication of within-tester reliability while the
correlations calculated between results recorded by tester A and those reported by
tester B were used to indicate between-tester reliability.
The correlation coefficients calculated between anthropometric characteristics
recorded by two testers (A and B) at T1 and T2 on a group of adolescent males are
displayed in Table 5.6.2.
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Table 5.6.1
Correlation coefficients calculated between anthropometric
characteristic recorded by two testers (A and B) on twenty adolescent females
measured on two occasions

CORRELATION COEFFICIENTS
Between Testers

Within Tester
VARIABLE

A v A (N=10)

B v B (n=10)

A v B (n=20)

HEIGHT

0.999

0.997

0.998

WEIGHT

0.995

0.997

0.999

SITTING HEIGHT

0.984

0.988

0.992

ARM LENGTH

0.955

0.963

0.984

ARM SPAN

0.994

0.994

0.999

FULL REACH HEIGHT

0.999

0.993

0.998

Table 5.6.2
Correlation coefficients calculated between anthropometric
characteristics recorded by two testers (A and B) on twenty adolescent males
measured on two occasions

CORRELATION COEFFICIENTS
Within Tester
VARIABLE

A vA

(N=18)

Between Testers

B v B (n=15)

A v B (n=18)

HEIGHT

0.998

0.995

0.997

WEIGHT

0.997

0.997

0.999

SITTING HEIGHT

0.980

0.960

0.993

ARM LENGTH

0.991

0.972

0.967

ARM SPAN

0.996

0.993

0.997

FULL REACH HEIGHT

0.996

0.994

0.997

Table 5.6.3 exhibits average scores recorded by testers A and tester B who
recorded various anthropometric characteristics on the same group of twenty
adolescent females on two occasions (T1 and T2).

The results of a Repeated

Measures Analysis of Variance and the significance of the differences between pairs
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of mean scores and the percentage of total variance made up by ‘between-subjects’
variance are shown.

Table 5.6.3 Mean scores registered by two testers (A and B) who recorded
anthropometric measurements on twenty adolescent females on two occasions
(T1 and T2) and the results calculated from a Repeated Measures Analysis of
Variance conducted on this data

WITHIN TESTER MEANS FOR DATA FROM T1 AND T2
A vA
mean
scores

VARIABLE

(n=10)
signif
icance

vari
ance
(%)

B vB
mean
scores

(n=10)
signif
icance

vari
ance
(%)

HEIGHT

T1
T2

165.3
164.8

S

99.7

160.1
162.5

NS

100.0

WEIGHT

T1
T2

59.2
58.4

S

99.4

54.4
53.7

S

98.9

SITTING
HEIGHT

T1
T2

86.9
86.4

NS

98.6

84.8
84.5

NS

98.7

ARM
LENGTH

T1
T2

70.9
70.3

NS

94.2

68.4
68.8

NS

97.4

ARM
SPAN

T1
T2

166.9
166.5

NS

99.5

160.3
163.3

NS

99.6

FULL
REACH

T1
T2

209.4
208.2

S

98.5

202.4
201.7

S

99.9

Table 5.6.4 displays identical results to that exhibited in Table 5.6.3 for data
collected on a group of twenty adolescent males measured on two occasions (T1 and
T2) by tester A and tester B.
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Table 5.6.4 Mean scores registered by two testers (A and B) who recorded
anthropometric measurements on the same group of adolescent males on two
occasions (T1 and T2) and the results from a Repeated Measures Analysis of
Variance conducted on this data.

WITHIN TESTER MEANS FOR DATA FROM T1 AND T2
A
mean
scores

VARIABLE

v

A

(n=18)

signif
icance

vari
ance
(%)

B vB
mean
scores

(n=15)
signif
icance

vari
ance
(%)

HEIGHT

T1
T2

175.9
176.8

NS

98.5

178.6
178.7

NS

99.8

WEIGHT

T1
T2

63.1
63.5

NS

99.8

65.2
65.4

NS

99.8

SITTING
HEIGHT

T1
T2

89.0
89.3

NS

99.7

89.7
89.3

NS

98.3

ARM
LENGTH

T1
T2

77.5
77.7

NS

99.5

78.8
79.0

NS

98.5

ARM
SPAN

T1
T2

180.8
181.0

NS

99.8

182.3
182.3

NS

99.6

FULL
REACH

T1
T2

225.4
225.8

NS

99.9

228.0
228.6

NS

99.5

Table 5.6.5 exhibits the average scores recorded by two different testers on a
group of adolescent females and males. The significance of differences between pairs
of means scores and the percentage of total variance made up of ‘between-subjects’
variance are shown.
Table 5.6.6 displays the correlation between results attained by a group of female
and male adolescents who underwent a 15-second test and a progressive test on the
arm/leg ergometer on two different occasions (T1 and T2).
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Table 5.6.5 Mean scores obtained by two different testers (A and B) who
recorded anthropometric measurements on a group of female and male
adolescents and the results of a Repeated Analysis of Variance conducted on
this data

BETWEEN TESTER MEANS FOR DATA FROM T1 AND T2
•

Female adolescents
A v B
mean
scores

VARIABLE

(n=20)
signif
icance

vari
ance

Male adolescents
A v B
mean
scores

(n=18)
signif
icance

vari
ance
(%)

(%)
HEIGHT

T1
T2

162.4
162.5

NS

99.9

176.6
178.7

NS

99.9

WEIGHT

T1
T2

56.0
56.1

NS

100.0

64.4
64.3

NS

100.0

SITTING
HEIGHT

T1
T2

85.4
89.3

NS

99.6

87.2
87.3

NS

96.7

ARM
LENGTH

T1
T2

69.1
70.3

S

97.2

77.2
78.1

S

97.0

ARM
SPAN

T1
T2

163.2
163.3

NS

99.9

180.3
180.3

NS

99.8

FULL
REACH

T1
T2

204.7
205.2

NS

99.9

225.3
225.6

NS

99.9

Table 5.6.6 Correlation coefficients between work output scores attained on
two different testing days by group of female and male adolescents who
undertook a 15-second supra-maximal effort and a progressive test on the
arm/leg cycle ergometer

CORRELATION COEFFICIENTS
15-second test

Progressive test

FEMALES

0.90

(n=20)

0.89

(n=20)

MALES

0.87

(n=19)

0.93

(n=18)
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Table 5.6.7 displays the average scores attained by a group of females and males
adolescents who underwent a 15-second and a progressive test on the arm/leg
ergometer on two occasions (T1 and T2). The significance of the differences between
pairs of mean scores and the percentage of total variance made up of ‘betweensubjects’ variance are shown.

Table 5.6.7 Means scores attained by a group of female and male adolescents
who undertook a 15-second supra-maximal effort and a progressive test on the
arm/leg cycle ergometer on two different occasions (T1 and T2) and the results
of a Repeated Measures Analysis of Variance calculated between scores
recorded at T1 and those achieved at T2.

PHYSIOLOGICAL DATA FROM T1 AND T2
15 second test
mean
scores
(W)

SEX

signif
icance

Progressive test

vari
ance
(%)

mean
scores
(W)

significance

. vari
ance
(%)

FEMALES

T1
T2

569.6
652.0

S

82

188.0
193.0

NS

94

MALES

T1
T2

914.8
1038.1

S

87

279.7
294.7

NS

94

5.7 DISCUSSION
The statistical analysis conducted between the scores recorded for each of the
physical parameters measured at T1 and T2 revealed high correlations. No obvious
difference in the strength of the correlations was found to exist between females
tested and males tested.
High correlations were found to exist between identical anthropometric
measurements recorded by the same tester and different testers at T1 and T2 (see
Table 5.6.1 and 5.6.2).

All correlations were above r=0.95 demonstrating that the
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procedures used record physical attributes accurately over a period of time whether
measured by the same tester or different testers.

The correlations between arm

length recorded at T1 and T2 for females and male subjects were slightly lower than
the correlations shown for the other physical parameters measured suggesting that
accurate measurement of arm length is a little difficult (see Table 5.6.1 and 5.6.2).
Although these findings indicate that the measurements taken at T1 are highly related
to measurements recorded at T2 they do not indicate whether or not similar absolute
scores were obtained on the two testing days. This is an important point in assessing
the reliability of the testing procedures.
Both the group means recorded at T1 and T2 and the findings from a Repeated
Measures Analysis of Variance conducted on raw data exhibited very small differences
in absolute scores whether measured by the same tester (see Tables 5.6.3 and 5.6.4)
or different testers (see Table 5.6.5).

With regard to the female adolescents,

significant differences between mean scores recorded at T1 and T2 by both tester A
and tester B were demonstrated for the measurements of body weight and full reach
height (see Table 5.4).

In contrast, no significant differences were found to exist

between mean scores recorded for these variables by tester A or by tester B on the
male adolescents measured at T1 and T2 (see Table 5.6.4). No obvious explanation
exists as to why significant differences were recorded by the female adolescents for
height and weight and not by the males.

Although significant, variations in the

absolute mean scores recorded at T1 and T2 were very small.

For example, the

mean body weights for the female adolescents recorded at T 1 and T2 by tester A and
by tester B were found to be significantly different yet the absolute deviation in the
mean scores was only 0.8kg recorded by tester A and 0.7kg recorded by tester B (see
table 5.6.3).

Such a small difference in absolute weight is well within natural daily
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fluctuations in weight experienced by most individuals over any 24 hour period. As the
testing was conducted 48 hours apart, small variations in mean body weight are even
more understandable. Additionally, if both testers recorded similar changes in weight,
it seems probable that the difference was real rather than due merely to measurement
error. This being the case, the reliability of the measure of weight is not under threat.
It is interesting to note that in all cases except arm span, the ‘between-subjects’
variance accounted for over 98.5 per cent of the total variance existing in the results.
These findings indicate that ‘within-tester’ variance in measurements recorded at T1
and T2 was very small (three per cent of total variance). Again, the results suggest
that arm length was the most difficult parameter to measure accurately (see Table
5.6.3).

This is portrayed in the lower percentage of total variance attributed to

‘between-subjects’ variance. Where significant differences were found between the
average scores recorded for the physical parameters measured at T1 arid T2, the
absolute scores varied minimally. Consequently, the procedures employed to assess
anthropometric characteristics tested in this experiment can be considered reliable
when recorded by the same tester on two separate occasions.
With regard to between-tester reliability, significant differences between average
scores recorded by two different testers were exhibited for the measurements of arm
length and full reach height in both the female and male subjects (see Table 5.6.5).
The difference in mean arm length recorded by testers A and B was 1.2cm in the case
of the females and 0.9cm in the case of the males.

This variation is probably

attributable to problems associated with standardising the point on the upper arm from
which the measuring takes place (lateral aspect of the acromial process).

This

explanation is supported by the fact that no significant differences were found between
mean measurements of arm length recorded by the same tester at T1 and T2.
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The differences in absolute mean scores recorded by two different testers for full
reach height, though significant, were also minimal (0.5cm in the case of the females
tested and 0.3cm in the case of the males). One contributing factor to this difference
may have been the error involved in reading full reach height which was recorded to
the nearest half centimetre.

Despite this, the portion of total variance made up of

between-subjects’ variance was above 97 per cent in measurements of both arm
length and full reach height. As a result, any variation due to the recording techniques
of the two testers were very minimal.
With regard to the two physiological tests, high correlations were found to exist
between scores attained at T1 and those recorded at T2 for both males and females
(see Table 5.6.6). No significant sex difference was exhibited in these correlations.
The high correlations demonstrate that the scores obtained at T1 are highly related
to those recorded at T2. However these correlations give no indication as to-whether
or not similar absolute scores were attained at T1 and T2. Again, this is an important
aspect of reliability.
When the average scores recorded at T1 were compared against the mean scores
achieved at T2 significant differences were found to exist in both female and male
subjects for both tests examined (see Table 5.6.7). The absolute difference in scores
recorded by both groups of subjects were higher at T2 than those recorded at T1.
These differences were statistically significantly for the 15-second test in the case of
the female group and in the both the 15-second and progressive tests for the male
group. These findings indicate a learning factor displayed by the subjects performing
the two tests on the arm/leg cycle ergometer for the second time. This learning factor
appears to be fairly uniform across all subjects as demonstrated by high correlations
found between results attained at T1 and those achieved at T2.
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Although the learning factor demonstrated in these results is significant, most
subjects undertaking the tests in a field testing environment will have had no previous
experience with either the progressive test or the 15-second arm/leg cycle ergometer
test.

As a result, these two tests should assess aerobic power and anaerobic

capability with reasonable reliability even though the absolute scores attained by the
subjects are likely to underestimate their true anaerobic and aerobic ability.
The results from the Repeated Analysis of Variance conducted on the scores
attained at T1 and T2 by the subjects undertaking the two physiological tests shows
that the portion of total variance made up of ‘between-tester1variance was above 82
per cent in the case of the 15-second test for both females and males.

The

corresponding percentage for the progressive test was 94 per cent for both female and
male subjects tested.

Both findings suggest that the progressive test can be

considered reasonably reliable as only a small portion of the total variance displayed
in the subjects results can be attributed to the testing procedures employed (six per
cent). The 15-second test was shown to be slightly less reliable than the progressive
test as the portion of total variance due to variation within subjects is quite high (18
per cent).
The above findings have shown that the 15 second test and the progressive test
on the arm/leg cycle ergometer do provide a reasonably accurate and reliable
indication of anaerobic and aerobic power justifying their inclusion in the field test.
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5.8 CONCLUSIONS

The findings from this study support Hypothesis 6, confirming that the procedures
selected to measure anthropometric and physiological parameters in the rowing field
test do provide reasonably accurate and reliable results.

High correlations were

demonstrated between anthropometric measurements recorded on both female and
male adolescents on two occasions by both the same tester and different testers.
These findings demonstrated that scores obtained on one occasion were highly related
to the same measurements attained on a second occasion whether recorded by the
same tester or two different testers.

Very few significant differences were found

between the average absolute scores recorded at T1 and T2 by the same tester or by
different testers, further supporting the high reliability of the testing procedures. The
proportion of total variance made up of ‘between-subjects’ variance was found to be
above 97 per cent in all cases except the measurement of arm length. Clearly the
methodologies employed for the measurement of physical parameters can be
confidently considered reliable.
The procedures employed to measure the physiological parameters of anaerobic
capability and aerobic power were found to be reasonably accurate and reliable. High
correlations were demonstrated between scores attained by male and female subjects
during the 15 second-test and the progressive test conducted at T1 and T2.
Significant differences were found to exist between the average absolute scores
achieved at T1 and T2 suggesting a positive learning effect.

The improvement

between the first time subjects performed the two tests and their second attempt was
shown to be very uniform across all subjects.

Consequently, this learning effect

should not preclude the use of either the anaerobic and aerobic tests in the field test
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setting, provided that the young people to be tested have not had prior experience with
either the 15-second or the progressive arm/leg cycle ergometer tests.
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CHAPTER 6
SUMMARY, SYNTHESIS OF RESULTS AND CONCLUSIONS

6.1 SUMMARY
6.1.1 Beginnings
The purpose of this study was to was to develop a rowing-specific field test capable
of identifying young adolescents with outstanding potential for rowing. A major design
goal of this test was that it be simple to perform and portable in order that rowing
associations and clubs throughout Australia could employ it without large capital outlay
on either equipment or training.
The initial step in the development of this field test was to review the literature as
a means of identifying the various physical and physiological characteristics inherent
in successful international rowers. These rowers were generally large peopte (tall and
heavy) with long arms and legs in relation to their body height.

They possessed

maximal oxygen uptakes well above average for athletes and also demonstrated
significant anaerobic capability. The anthropomorphic parameters identified as likely
to be significant for talent identification were height, weight, body fat, arm length, and
leg length, while the major physiological characteristics were aerobic power and
anaerobic capacity.
Devices were sought for the measurement of these physical and physiological
attributes which would fulfil the criteria of simplicity, economy and portability.

A

modified stadiometer was selected to assess height and beam scales for the
assessment of weight.

The measurement of sitting height was used to give an

indication of lower limb length, and arm length, arm span and full reach height were
employed to give an indication of upper limb length in relation to chest size. These
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measurements were selected as they were time efficient, did not require extensive
anatomical marking and could be performed by testers with minimal training.
The assessment of physiological characteristics required considerable thought.
The traditional procedure used to assess aerobic power in rowers was the analysis of
expired gas from a race-duration ‘all-out’ effort on a rowing ergometer. This is clearly
unsuitable for field testing as it is time consuming, and necessitates sophisticated
equipment and highly trained staff. At this stage a number of studies were carried out
to develop a more practical means of assessing aerobic power in adolescents with
little or no rowing experience.

6.1.2 Study One (see 3.11
Any field test for assessing rowing specific aerobic power in adolescents with little or
no rowing experience must be capable of reflecting an individual’s potential as a
rower. It was postulated that if work output achieved by elite rowers during a maximal
test on a rowing ergometer correlated well with the maximal oxygen uptake attained
during the test, then it might be possible to utilise work output scores as an indirect
means of assessing aerobic power in these athletes, with the attendant advantages
of eliminating the requirement for expensive equipment and highly trained staff.
Experiment 1 tested this postulation and demonstrated that a statistically significant
correlation did exist between work output and maximal oxygen uptake recorded by
elite rowers performing a race-duration ‘all-out’ effort on a rowing ergometer. This
finding provided the justification for the adoption of work output scores as a valid
means of indirectly assessing aerobic power in elite rowers. This methodology was
considered superior to the standard method of expired-air analysis in the field testing
environment.

However, the strong relationship between work output and maximal
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oxygen uptake demonstrated by the elite rowers could not be assumed to exist with
novice rowers.

Further research was needed to establish the strength of this

relationship in novice rowers.

6.1.3 Study Two (see 3.P)

_

The second study was conducted to determine the relationship between maximal
oxygen uptake and work output achieved by novice rowers performing a maximal test
on the rowing ergometer.

The results from this study identified a low correlation

between work output and maximal oxygen uptake attained by these subjects on the
rowing ergometer.

This was attributed to the variability in mechanical efficiency

exhibited by novice rowers due to their differing abilities to perform the skilled
movement patterns required of them.

It was concluded that work output scores

attained on the rowing ergometer were unsuitable for assessing aerobic power in
novice rowers. Thus an apparatus less affected by changes in mechanical efficiency
was sought.

6.1.4 Study Three (see 3.3)
The purpose of the third study was to validate the use of the arm/leg cycle ergometer
by demonstrating that the maximal oxygen uptake of elite rowers on this apparatus
correlated well with those achieved by the same subjects on the rowing ergometer and
secondly to determine if work output attained on the arm/leg ergometer correlated well
with maximal oxygen uptake.

The arm/leg cycle ergometer was selected as an

alternative to the rowing ergometer as, like rowing, it demanded the use of both upper
and lower body muscle groups in routine movement patterns and was a weightsupported activity.

Furthermore, it was easy to transport, required little or no
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maintenance, was very cost efficient and easily accessible to rowing clubs throughout
the country, making it an ideal field testing apparatus.
The results of the third study showed a high correlation between maximal oxygen
uptake attained on the arm/leg cycle ergometer and that recorded on the rowing
ergometer confirming that the arm/leg ergometer could be validly substituted for the
rowing ergometer in the assessment of aerobic power in elite rowers. Furthermore,
the high correlation between work output and maximal oxygen uptake attained by
these subjects supported the use of work output scores as a valid means of indirectly
assessing aerobic power.

Again, further research was needed to establish the

strength of this relationship when novice rowers undertook a similar test on the arm/leg
cycle ergometer.

6.1.5 Study Four (see 3.41
The purpose of the fourth study was to determine the relationship between work output
and maximal oxygen uptake attained by novice rowers performing a maximal test on
the arm/leg cycle ergometer. The results showed a high correlation between these
variables and it was concluded that work output scores achieved by novice rowers on
the arm/leg cycle ergometer provided a valid means of assessing
rowing-specific aerobic power.

As a result the maximal test on the arm/leg cycle

ergometer was confirmed to be a suitable means of indirectly assessing the aerobic
power of novice rowers. In contrast to the rowing ergometer test, this test provided
work output scores that were valid estimates of aerobic power. Additionally, aerobic
capabilities calculated by this method were found to approximate more closely the true
aerobic power of the subject.
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6.1.6 Study Five (see 4 1)
The purpose of the fifth study was to validate the 15 second-test on the arm/leg cycle
ergometer as a rowing-specific field test capable of assessing anaerobic capability in
adolescents with little or no rowing experience.

It was speculated that a supra

maximal effort on the arm/leg cycle ergometer might be an appropriate method of
assessing anaerobic capability in the field test environment. This speculation was
confirmed by the high correlations obtained between work outputs attained during a
15-second test on the arm/leg ergometer and those achieved in a 60-second test on
the rowing ergometer by both elite and novice rowers. It was concluded that both the
15-second arm/leg cycle ergometer test and the 60-second rowing ergometer tests
were valid procedures with which to assess anaerobic capability in elite and novice
rowers. However, the arm/leg cycle ergometer would be more suitable for the field
test as this apparatus had already been included for the testing of aerobic power.

6.1.7 Study Six (see 5.1)
The purpose of the sixth study was to confirm the reliability of each of the procedures
selected for the field test. The various physical and physiological tests selected in the
field test (height, weight, body fat, sitting height, arm length, arm span, full reach
height, the progressive test and the 15-second supra-maximal test) had been shown
to reflect the specific requirements of rowing. However the reliability of these tests
needs to be established in adolescent groups from which rowers might be selected.
Results from this study established that the procedures employed to measure physical
characteristics were highly reliable both between different testers (r>0.96) and between
results recorded by the same tester on two occasions (r>0.95). The physiological
tests (progressive test and 15 second test on the arm/leg cycle ergometer) were
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similarly shown to give accurate results. These findings justified the inclusion of these
component procedures in the field test on the grounds of reliability in addition to those
of pragmatism and sport-specificity.

6.2 SYNTHESIS OF RESULTS
The various studies undertaken in this research project have established the validity
and reliability of a number of tests designed to assess various physical and
physiological parameters found to be inherent in successful elite rowers.

Methods

were developed through which a reliable measure of height, weight, body fat, sitting
height, arm length, arm span and full reach height could be recorded. The progressive
test to exhaustion and the 15 second supra-maximal test on the arm/leg cycle
ergometer were proposed and shown to provide a practical means of assessing
aerobic power and anaerobic capability respectively. The equipment usecLfor each
of the tests is portable, inexpensive and requires little or no maintenance making the
field test as a whole attractive to rowing clubs throughout Australia. The field test has
the additional advantage of being time-efficient, capable of assessing large numbers
of adolescents in short periods of time making it attractive for use in school
screenings. It can be conducted by club members or sports teachers following basic
training.
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6.3 CONCLUSIONS
a. Effecive field testing for rowing potential can be aimed at adolescents 14 to
16 years of age.

b.

The physical characteristics that should be assessed when identifying

potential rowing talent are:
1. height;
2. weight;
3. arm length;
4. arm span;
5. full reach height.

c. The physiological characteristics that should be assessed when identifying
potential rowing talent are:
1. aerobic power;
2. anaerobic capability.

d. Work output scores attained during a progressive test to exhaustion of the
arm/leg cycle ergometer provide a practical means of indirectly assessing
aerobic power in adolescents with little or no rowing experience.

e. W ork output scores attained during a 15 second supra-maximal test on the
arm/leg cycle ergometer provide a practical means of assessing anaerobic
capability in adolescents with little or no rowing experience.
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6.4 PRACTICAL APPLICATION OF THESE FINDINGS
With the continued emergence of the semi-professional athlete in international sport,
it is no longer possible to achieve success on a large scale without good coaching,
access to sports science and medical facilities and considerable administrative and
financial support.

In countries such as Australia with small populations it becomes

increasingly important to identify suitable talent at a young age.

It is no longer

possible to rely on the ‘hit and miss’ type of opportunistic selection that is traditional
in Australian sport.
Talent Identification Programs developed in Eastern European countries over the
past twenty years have contributed significantly to their international success in a
number of sports.

It is likely that similar success will be promoted with the

development of talent identification programs in Australia also. This study is the first
step in such a program for rowing.

If the field test developed in this study is

encouraged by the various State Rowing Associations and implemented at a state and
club level the recruitment of adolescents with good potential for rowing will be
increased. This will result in improved domestic competition and ultimately greater
success at the international level. Furthermore, it will maximise the efficiency of the
sport by ensuring that coaches are working with athletes of good potential and
valuable coaching time and equipment is not being squandered unnecessarily on
rowers with little aptitude for the sport.
It is important to note that the field test developed in this study is only the first step
in an effective talent identification program.

If the selected adolescents are not

supported with good coaches and equipment, regular physiological testing and
sufficient financial and administrative support the chances of them reaching their
ultimate potential is limited.
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6.5 RECOMMENDATIONS FOR FURTHER RESEARCH
a. The field test developed in this study is only an initial attempt to provide a valid and
reliable means by which potential rowing talent can be identified in large numbers of
adolescents with little or no rowing experience. It remains to be tested on a larger
scale in ordQr that shortcomings are identified and further refinements can take place.

b. Further statistical analysis will be needed to produce a formula for weighting each
of the eight variables in such a way as to produce an aggregate score that will be
capable of ranking individuals. It follows that some variables will be relatively more
important than others, and formulae needs to be derived that can reflect this.

c. This field test should be complemented with a psychological testing protocol to be
administered concurrently.

It is well recognised that attitudes and motivation are a

vital part of athletic performance and the overall usefulness of the field test developed
in this study will be compromised without such a complementary psychological
assessment.

d. Further research is required to address the need for development of tertiary phase
field tests with the purpose of identifying exceptional elite rowers from their
counterparts in order to assist the selection of national teams.

e. As promoting this field test will be vital to its widespread adoption by target groups,
market research is needed to identify how best to present the package to rowing
clubs, associations and schools.

In Australia, where the understanding and

philosophies of the clubs and State rowing associations are so different, a promotional
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strategy is particularly necessary.

f.

Educational programs must be developed to promote talent identification and

instruct administrators about the infrastructures within sport that are needed to support
an effective, talent identification program.

For example, the necessity of forward

planning to ensure the financial base demanded to service talented rowers with
equipment, travel assistance, sports science testing, medical services, and qualified
coaches, are all vital ingredients in the success of such programs.
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APPENDICES

APPENDIX A: ROWING TALENT IDENTIFICATION STUDY - INFORMATION
SHEET

This section contains several example questions that can be included in a
questionnaire that will allow a subjective estimate of each individual’s general level of
health and genetic background. Questions relating to the subjects past involvement
in sport should indicate whether or not large increases in functional capacities (aerobic
and anaerobic) can be expected from strenuous physical training. Questions relating
to the subjects parents physical stature and past involvement in sport should give
some indication as to the genetic background and social environment of the subject.
As rowing is a water based activity it is important for safety reasons to identify any
persons who are poor swimmers.

1. Have you been a regular participant in any competitive sports during the past two
years? If so, please list the sports and the levels of performance achieved.

2. Are you presently involved in a physical training program of any sort? If so, please
give details, including the weekly number of training sessions.

3. Do you suffer from asthma, diabetes, epilepsy, heart disease or and other chronic
disorder? If so, please give details, including any medications regularly needed.
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4.

Do you believe that you have grown substantially during the past year?

If so,

estimate how much.

5.

Do either or both of your parents have a history of participation in competitive

sport? If sq, please give details.

6. Please estimate the approximate heights of your parents.

7.

Are you interested in taking part in a supervised training program leading to

involvement in competitive rowing?

8. Are you a proficient swimmer? (Could you, for example, easily swim 200 meters
with out stopping?)
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APPENDIX B: SUGGESTED METHOD FOR ASSESSING BODY FAT

The following figures display the various anthropometric sites suggested by Telford et
al., (1988) when assessing body fat in female and male athletes. It is important to
note that when assessing body fat in females, no measurement of the Axilla skinfold
is recorded. The sum of all sites (seven for females and eight for males) should then
be used as an indication of body fat level. This figure can be compared with the
norms for various sports established by Telford et al., (1988).
The following sites are displayed in figures B1 to B8.
1. T riceps. Midway between the acromion and olecranon processes on the posterior
aspect of the arm, the arm held vertically wih the fold running parallel to the length of
the arm (Figure B1).
2. S ubscapular. A fold running downward and laterally at about 30 degrees from the
vertical, one centimetre below the inferior angle of the scapula (Figure B2).
3. Calf. Subject seated, lower leg vertical.

Fold at greatest circumference taken

medially and vertically (Figure B3).
4.

B iceps.

Midway between the acromion process

and the

antecubital space

(Figure B4).
5. S u prailiac.

Four centimetres above the anterior superior iliac spine, the fold

parallel to the fibres of the external oblique (Figure B5).
6. A bdom inal. Vertical fold adjacent to the umbilicus (Figure B6).
7. T high. On anterior mid-line half way from anterior superior iliac spine to top of
patella (Figure B7).
8. A xilla . On the mid-axillary line at the level of the xiphoid process. Subjects hand
placed on head. This measurement was performed on males only
(Figure B8).
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Figure B1: Triceps skinfold

Figure B2: Subscapular

Figure B3:

Figure B4:

Calf

Biceps
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Figure B5:

Figure B7:

Suprailiac

Thigh

Figure B6: Abdomen

Figure B8: Axilla
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APPENDIX

C:

INDIVIDUAL RAW DATA FOR RESULTS DISPLAYED IN

CHAPTER 3.3 AND 3.4

This section contains the raw data for the results displayed in Table 3.3.2 and table
3.4.2.

TABLE C 1: Maximal Oxygen Uptake attained by fourteen elite rowers during
a seven minute maximal effort on the Gjessing rowing ergometer and a
progressive test to exhaustion on the Arm/leg cycle ergometer

SUBJECTS

MAXIMAL OXYGEN UPTAKE
Rowing Ergometer
(1/min )

Arm/leg Ergometer
(1/min )

DB
KD
CJ
MK
MM
GM
SN
CP
BS
FS
CS
FW
EW
AW

4.38
4.15
3.84
3.58
3.39
3.69
3.49
3.48
3.28
3.58
3.41
3.31
3.06
3.78

4.43
4.06
3.80
3.48
3.29
3.47
3.67
3.60
3.55
3.70
3.69
3.54
3.36
4.04

mean values

3.60

3.69

Correlation Co-efficient:

r = 0.88

(n=14; p<0.01)

Result of t-test conducted between the two means scores displayed above was: t(13)
= -2.02; p > 0.05
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TABLE C2: Maximal work output completed during a seven minute maximal
test on the Gjessing rowing ergometer and a progressive test to exhaustion on
the Arm/leg cycle ergometer.

SUBJECTS

MAXIMAL WORK COMPLETED
(watts)
Gjessing ergometer

Arm/leg ergometer

DB
KD
CJ
MK
MM
GM
SN
CP
BS
FS
CS
FW
EW
AW

262
252
244
225
219
221
234
219
227
227
219
198
207
240

377
364
335
307
273
343
346
346
353
348
341
320 ^
300
419

mean values:

228

341

Correlation Co-efficient:

r = 0.53

(n=14; p<0.05)
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TABLE C3: Maximal Oxygen Uptake attained by thirteen novice rowers during
a progressive test to exhaustion on the Concept 11 rowing ergometer and the
Arm/leg cycle ergometer.
SUBJECTS

MAXIMAL OXYGEN UPTAKE
(1/min)
Concept 11 ergometer

GA
TA
MB
TC
JD
SF
MH
GH
SK
ML
GM
DM
JP
AS
mean value

Correlation Co-efficient:

r = 0.88

Arm/leg ergometer

4.79
4.57
3.84
4.76
3.86
4.98
4.23
4.23
4.90
4.06
4.57
4.69
4.05
4.14

5.04
4.66
4.10
4.76
3.79
5.21
4.96
4.21
4.93
4.02
4.79
5.25

4.44

4.60

—

4.04

(n=13; p<0.01)

The results of a t-test conducted on the two means displayed above was:
5.89; p > 0.05

t(12) = -
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TABLE C4: Maximal work output attained by novice oarsmen during a
progressive test to exhaustion on the rowing ergometer and the arm/leg cycle
ergorpeter.
SUBJECTS

MAXIMAL WORK COMPLETED
(Watts)
Concept 11 ergometer

GA
TA
MB
TC
JD
SF
MH
GH
SK
ML
GM
DM
JP
AS
mean score

Correlation Co-efficient: r=0.28

Arm/leg ergometer

345
342
344
329
354
289
291
300
362
282
291
336
292
320

447
417
365
420
324
413
420
378
433
329
392
463
353
374

320

395

. -

(n=14; p>0.05)
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APPENDIX D: REPEATED MEASURES ANOVA SUMMARY TABLES FOR THE RESULTS
DESCRIBED IN CHAPTER 5.

This section contains the summary tables from a Repeated Measures Analysis of Variance
conducted on the results recorded in Chapter 5. Part 1 of Appendix D displays the ANOVA
summary tables for the anthropometric measurements recorded by two testers (tester A and
tester B) on a group of female adolescents.

Part 2 exhibits the summary tables for the

anthropometric measurements recorded by two testers (tester A and tester B) on a group of
males adolescents.

Part 3 of Appendix D displays the ANOVA summary tables for the

physiological tests (15 second and progressive test on the arm/leg cycle ergometer)
conducted in Chapter 5 on both female and male adolescents.

PART 1:

FEMALE ADOLESCENTS

Table D1 Summary table for the measurements of height recorded
on a group of female adolescents by tester A on two separate
occasions
SOURCE

SS

DF

578.07

9

DAY

1.012

1

ERROR

0.902

9

TOTAL

579.985

19

BLOCKS/SUBJECTS

MS

1.012

F

10.12

P

0.011

0.1
99.7
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T a b l e D2
S u m m a r y t a b l e for the m e a s u r e m e n t s of h e i g h t
°n a g r o u p of f e m a l e a d o l e s c e n t s b y t e s t e r B on t w o
occasions

SOURCE
BLOCKS/SUBJECTS
DAY
ERROR

‘

TOTAL

SS

DF

1041.422

9

MS

0.04

1

0.04

0.475

9

0.053

1041.936

19

recorded
separate

F

P

0.755

Table D3 ,
Summary table for the measurements of height recorded
on a group of female adolescents by tester A and tester B
SOURCE
BLOCKS/SUBJECTS

SS
1841.2876

DF

MS

F

P

19

DAY

0.271

ERROR

2.435

19

TOTAL

1843.992

39

1

2.117

0.271

0.159

0.128

Table D4 Summary table for the measurements of weight recorded
on a group of female adolescents by tester A on two separate
occasions
SOURCE

SS

DF

912.938

9

DAY

3.528

1

ERROR

1.772

9

TOTAL

918.238

19

BLOCKS/SUBJECTS

MS

3.528

F

17.909

P

0

1.97
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T a b l e D5
S u m m a r y t a b l e for the m e a s u r e m e n t s
on a g r o u p of f e m a l e a d o l e s c e n t s b y t e s t e r
occasions

SOURCE

SS

BLOCKS/SUBJECTS
DAY
ERROR

’

TOTAL

DF

483.548

9

2.450

1

3.100

9

489.098

19

MS

2.450

of w e i g h t
B on t w o

F

recorded
separate

P

7.122

0.024

0.344

Table D6 Summary table for the measurements of weight recorded
on a group of female adolescents by tester A and tester B
SOURCE

SS

DF

1589.315

19

.002

ERROR
TOTAL

BLOCKS/SUBJECTS
DAY

MS

F

1

0.002

0.333

0.123

19

0.006

1589.440

39

P

Summary table for the measurements of sitting height
Table D7
recorded on a group of female adolescents by tester A on two
separate occasions
SOURCE

SS

DF

213.088

9

DAY
ERROR

1.682
1.458

1
9

TOTAL

216.228

9

BLOCKS/SUBJECTS

MS

1.682
0.162

F

10.383

P

0.010
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Table D8
Summary table for the measurements of sitting height
recorded on a group of female adolescents by tester B on two
separate occasions
SOURCE
BLOCKS/SUBJECTS

SS

DF

200.352

9

DAY
ERROR

0.338
2.382

1
9

TOTAL

203.072

19

MS

F

0.338
0.265

1.275

P

0.288

Table D9
Summary table for the measurements of sitting height
recorded on a group of female adolescents by tester A and
tester B
SOURCE

SS

DF

416.380

19

DAY

0.016

ERROR
TOTAL

BLOCKS/SUBJECTS

MS

F

1

0.016

0.176

1.734

19

0.091

418.131

39

P

Table D10
Summary table for the measurements of arm length
recorded on a group of female adolescents by tester A on two
separate occasions
SOURCE

SS

DF

MS

F

2.708

140.440

9

DAY

1.985

1

1.985

ERROR

6.600

9

0.733

TOTAL

149.025

19

BLOCKS/SUBJECTS

P

0.131
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Table Dll
S u m m a r y t a b l e for t h e m e a s u r e m e n t s of a r m
r e c o r d e d on a g r o u p of female a d o l e s c e n t s b y t e s t e r B
separate occasions

SOURCE

SS

BLOCKS/SUBJECTS
DAY
ERROR

'

TOTAL

DF

P

MS

F

0.980

408.058

9

1.058

1

1.058

9.722

9

1.08

418.838

19

length
on tw o

Summary table for the measurements of arm length
Table D12
recorded on a group of female adolescents by tester A and
tester B
SOURCE
BLOCKS/SUBJECTS
DAY

SS
645.571
13.225

DF

MS

F

13.225

48.266

0.274

' '-

P

19
1

ERROR

5.215

19

TOTAL

664.011

39

<0.001

Table D13
Summary table for the measurements of arm span
recorded on a group of female adolescents by tester A on two
separate occasions
SOURCE

SS

DF

691.344

9

DAY

1.200

1

ERROR

2.305

9

TOTAL

694.848

19

BLOCKS/SUBJECTS

MS

1.200

F

4.688

P

0.056

0.256
'
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T a b l e D1 4
Summary
r e c o r d e d on a g r o u p
separate occasions

SOURCE

SS

BLOCKS/SUBJECTS
DAY
ERROR

t a b l e for t h e m e a s u r e m e n t s of
of female a d o l e s c e n t s b y t e s t e r

'

TOTAL

DF

MS

F

0.181

1772.839

9

0.128

1

0.128

6.362

9

0.707

1779.329

19

a r m span
B on two

P

Table D15
Summary table for the measurements of arm span
recorded on a group of female adolescents by tester A and tester
B
SOURCE
BLOCKS/SUBJECTS

SS

DF

2794.249

19

DAY

0.144

ERROR

1.886

19

TOTAL

2796.279

39

1

MS

F

0.144
0.099

P

1.455

0.241

' '--

Table D16
Summary table for the measurements of full reach
height recorded on a group of :
female adolescents by tester A on
two separate occasions
SOURCE

SS

DF

MS

745.764

9

DAY

8.320

1

8.320

ERROR

2.885

9

0.321

TOTAL

756.969

19

BLOCKS/SUBJECTS

F

25.199

P

<0.001
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Table D17
S u m m a r y t a b l e for t he m e a s u r e m e n t s of full r e a c h
h e i g h t r e c o r d e d on a g r o u p of f e m a l e a d o l e s c e n t s b y t e s t e r B on
two separate occasions

SOURCE

SS

BLOCKS/SUBJECTS
DAY
ERROR

'

TOTAL

DF

MS

2547.862

9

2.112

1

2.112

1.763

9

0.196

2551.737

19

F

P

0.009

10.776

Table D18
Summary table for the measurements of full reach
height recorded on a group of female adolescents by tester A and
tester B
SOURCE
BLOCKS/SUBJECTS

SS

DF

3692.397

19

DAY

0.024

ERROR

3.002

19

TOTAL

3697.898

39

1

MS

0.024
0.158

F

3.490

P

0.076

' '--
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PART

2:

MALE ADOLESCENTS

Table D19 Summary table for the measurements of height recorded
on a group of male adolescents by tester A on two separate
occasions
SOURCE

MS

F

1

1.012

10.12

1.761

17

0.110

2725.280

35

SS

DF

2640.350

17

DAY

1.012

ERROR
TOTAL

BLOCKS/SUBJECTS

P

0.011

Table D20 Summary table for the measurements of height recorded
on a group of male adolescents by tester B on two separate
occasions
SOURCE
BLOCKS/SUBJECTS
DAY

SS

DF

1313.827

14

— 4.577 63672E— 04.00

MS

1

0.000
0.226

ERROR

3.166

14

TOTAL

1316.993

29

F

P

Table D21 Summary table for the measurements of height recorded
on a group of male adolescents by tester A and Tester B
SOURCE
BLOCKS/SUBJECTS

SS

DF

2640.350

16
1

TESTER

0.168

ERROR

1.761

16

TOTAL

2642.280

33

MS

0.168

F

1.527

P

0.232

0.110
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T a b l e D2 2
S u m m a r y t a b l e for the m e a s u r e m e n t s of w e i g h t r e c o r d e d
on a g r o u p of m a l e a d o l e s c e n t s b y t e s t e r A on t w o s e p a r a t e
occasions

SOURCE
BLOCKS/SUBJECTS
DAY
ERROR

*

TOTAL

SS

DF

3477.360

17

1.068

MS

F

P

1

1.068

4.030

0.058

4.502

17

0.265

3482.930

35

Table D23 Summary table for the measurements of weight recorded
on a group of male adolescents by tester B on two separate
occasions
SOURCE

SS

DF

2283.948

14

DAY

0.341

ERROR
TOTAL

BLOCKS/SUBJECTS

MS

F

P

1

0.341

1.375

0.259

3.468

14

0.248

- '.

2287.758

29

Table D24 Summary table for the measurements of weight recorded
on a group of male adolescents by tester A and tester B
SOURCE
BLOCKS/SUBJECTS

SS

DF

3417.245

16

TESTER

0.024

ERROR

0.131

16

TOTAL

3417.400

33

1

MS

0.024

F

3.000

P

0.099

0.008
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Table D25
S u m m a r y t a b l e for th e m e a s u r e m e n t s of s i t t i n g h e i g h t
r e c o r d e d on a g r o u p of m a l e a d o l e s c e n t s b y t e s t e r A on tw o
separate occasions

SOURCE
BLOCKS/SUBJECTS
DAY
ERROR

'

TOTAL

MS

F

P

1

0.513

3.490

0.076

2.492

17

0.147

883.623

35

SS

DF

880.618

17

0.513

Table D26 Summary table for the measurements of sitting height
recorded on a group of male adolescents by tester B on two
separate occasions
SOURCE

SS

DF

522.002

14

DAY

1.496

ERROR
TOTAL

BLOCKS/SUBJECTS

MS

F

P

1

1.496

2.755

0.116

7.609

14

0.543

' "-

531.107

29

Table D27
Summary table for the measurements of sitting height
recorded on a group of male adolescents by tester A and
tester B
SS

DF

1213.302

16

0.005

ERROR
TOTAL

SOURCE
BLOCKS/SUBJECTS
TESTER

MS

F

1

0.005

0.002

41.695

16

2.606

1255.002

33

P

T a b l e D28
S u m m a r y t a b l e for t h e m e a s u r e m e n t s of a r m l e n g t h
r e c o r d e d on a g r o u p of mal e a d o l e s c e n t s b y t e s t e r A on two
separate occasions

SOURCE
BLOCKS/SUBJECTS
DAY
ERROR

*

TOTAL

MS

F

P

1

0.401

2.192

0.154

3.117

17

0.183

678.938

35

SS

DF

675.418

17

0.401

Table D2 9
Summary table for the measurements of arm length
recorded on a group of male adolescents by tester B on two
separate occasions
SOURCE

SS

DF

390.517

14

DAY

0.385

ERROR
TOTAL

BLOCKS/SUBJECTS

MS

F

1

0.385

0.955

5.644

14

0.403

396.547

29

P

Table D30
Summary table for the measurements of arm length
recorded on a group of male adolescents by tester A and
tester B
SOURCE
BLOCKS/SUBJECTS
TESTER

SS

DF

705.287

16

6.269

1

ERROR

15.541

16

TOTAL

727.097

33

MS

6.269

F

6.456

p

0.020

0.971
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Table D31
S u m m a r y t a b l e for t h e m e a s u r e m e n t s of
r e c o r d e d on a g r o u p of m a l e a d o l e s c e n t s b y t e s t e r
separate occasions

SOURCE
BLOCKS/SUBJECTS
DAY
ERROR

'

TOTAL

a r m span
A on tw o

MS

F

P

1

0.443

1.108

0.308

6.807

17

0.400

3104.804

35

SS

DF

3097.554

17

0.443

Table D32
Summary table for the measurements of arm span
recorded on a group of male adolescents by tester B on two
separate occasions
SOURCE

SS

DF

2153.743

14

-0.000

1

-0.000

ERROR

7.986

14

0.570

TOTAL

2161.728

29

BLOCKS/SUBJECTS
DAY

MS

F

P

' '-

Summary table for the measurements of arm
Table D33
recorded on a group of male adolescents by tester A and
tester B
SOURCE
BLOCKS/SUBJECTS
TESTER
ERROR
TOTAL

SS

DF

3463.470

16

0.006
6.119

1
16

3469.595

33

MS

F

0.006
0.382

0. 016

span

P
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T a b l e D34
S u m m a r y t a b l e for t h e m e a s u r e m e n t s of full r e a c h
h e i g h t r e c o r d e d on a g r o u p of m a l e a d o l e s c e n t s b y t e s t e r A on t wo
separate occasions

SOURCE
BLOCKS/SUBJECTS
DAY
ERROR

'

TOTAL

MS

F

P

1

1.360

2.173

0.155

10.641

17

0.626

4889.553

35

SS

DF

4877.553

17

1.360

Table D35
Summary table for the measurements of full reach
height recorded on a group of male adolescents by tester B on two
separate occasions
SOURCE
BLOCKS/SUBJECTS

SS

DF

2593.798

14

DAY

2.698

ERROR

9.802

14

TOTAL

2606.298

29

1

MS

2.698

F

P

3.854

0.700

0.067

'--

Table D36
Summary table for the measurements of full reach
height recorded on a group of male adolescents by tester A and
tester B
SOURCE
BLOCKS/SUBJECTS

SS

DF

5390.440

16
1

TESTER

0.888

ERROR

2,737

16

TOTAL

5394.065

33

MS

0.888

F

5.193

P

0.035

0.171
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PART

C:

P H Y S I O L O G I C A L TESTS

Table D37
Summary table of results from a Repeated Measures
ANOVA conducted on the scores attained by a group of female
adolescents who undertook a 15 second test on the arm/leg cycle
ergometer on two separate occasions
SOURCE

'

BLOCKS/SUBJECTS

SS
495358.469

DF

MS

F

P

19

DAY

67980.029

ERROR

43304.473

19

TOTAL

606642.971

39

1

67980.029

29.826

<0.001

2279.183

Table D38
Summary table of results from a Repeated Measures
ANOVA conducted on the scores attained by a group of female
adolescents who undertook a Progressive test on the arm/leg cycle
ergometer on two separate occasions
'
SOURCE
BLOCKS/SUBJECTS
DAY

SS
42916.999
249.999

DF

MS

F

P

19
1

ERROR

2521.000

19

TOTAL

45687.999

39

249.999

1.884

0.183

132.684
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Table D39
Summary table
ANOVA conducted on the
adolescents who undertook
ergometer on two separate
SOURCE

SS

BLOCKS/SUBJECTS
DAY

'

1991909.880
144217.886

ERROR

145739.609

TOTAL

2281867.370

of results from a Repeated Measures
scores attained by a group of male
a 15 second test on the arm/leg cycle
occasions
DF

MS

F

P

18
1
18

144217.886

17.812

<0.001

8096.645

37

Table D40
Summary table of results from a Repeated Measures
ANOVA conducted on the scores attained by a group of male
adolescents who undertook a Progressive test onL the arm/leg cycle
ergometer on two separate occasions
SOURCE
BLOCKS/SUBJECTS

SS

DF

79441.137

17

DAY

2040.029

ERROR

2966.471

TOTAL

84447.637

1
17

MS

2040.029

F

11.691

P

0.003

174.498

35
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